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IN  SENATE  OF  THE  UNITED  STATES. 

AUGUST  15,  1*66. 

Rmbed,  That  there  bo  prujU'd  tor  the  unc  of  the  ScimU-,  In  quarto  form,  five  thousand  copies,  in  addition  to  the  usual 
number,  of  the  report  propfc-oT  tho  commissioner  on  the  Mexican  boundary,  with  the  maps  accompanying  Raid  report,  and 
two  thousand  copies  of  tho  appendix  containing  the  reports  on  the  botany  and  natural  history  of  the  country  adjacent  to 
laid  boundary ;  to  be  paid  for  ont  of  tho  fund  appropriated  for  running  the  paid  boundary.  And  that  two  hundred  and  fifty 
copies  of  tho  former,  and  twenty.five  coplc*  of  the  latter,  be  furnished  the  said  commknioucr. 

Attest :  ASBUBY  DICK  INS,  , 
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THE  PRESIDENT  OF  THE  UNITED  STATES, 


A  report  of  Major  Emory,  United  States  Commissioner,  on  the  survey  of  the  boundary  between 
the  United  States  and  Mexico,  accompanied  by  a  letter  from  the  Secretary  of  the  Interior. 


Atom  7.  1655.— Read,  and  ordered  to  lie  on  the  table. 

Avotot  15,  1856. — Ordered  to  be  printed  In  quarto  form,  and  that  5,000  additional  copie*  of  the  report  proper,  with  the 
maps,  and  !,000  copies  of  the  appendix,  be  printed — 250  copies  of  the  former,  and  twenty-fire  copies  of  the  latter,  be 


Washisotox,  August  1,  1856. 

I  communicate  to  Congress,  herewith,  the  report  of  Major  W.  H.  Emory,  United  States  Com- 
missioner, on  the  survey  of  the  boundary  between  tho  United  States  and  the  republic  of 
Mexico,  referred  to  in  the  accompanying  letter  of  this  date  from  tho  Secretary  of  the  Interior. 

FRANKLIN  PIERCE. 


Department  op  the  Interior, 

Washington,  August  1,  1856. 
Sir:  I  have  the  honor  to  submit  to  you,  herewith,  to  be  laid  before  Congress,  a  report  oi 
Major  W.  H.  Emory,  United  States  Commissioner,  on  the  survey  of  the  boundary  between  the 
United  States  and  the  republic  of  Mexico. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

r.  McClelland. 

Secretary. 

The  Presidistt  op  the  United  States. 


YI 


LETTER  OF  MAJOR  EMORY. 


Office  Unitkp  States  Boundary  Commission, 

Washington,  July  29,  185G. 

Sir  :  1  have  the  honor  to  send  herewith  my  report  on  the  boundary  between  the  United 
States  and  Mexico,  together  with  proofs  of  such  maps  and  illustrations  as  hare  been  completed, 
numbered  from  1  to  63.  The  plates  and  blocks  from  which  these  proofs  are  struck  are  held 
by  me  subject  to  your  order,  or  that  of  Congress. 

Tho  general  map  cannot  bo  completed  until  next  winter,  and  the  map  of  the  new  Territory  is 
not  quite  completed,  but  when  finished,  no  delay  will  ensue  in  the  publication.  By  consultation 
with  the  printer,  I  find  these  maps  will  be  done  quite  as  soon  as  the  printing  of  the  report, 
should  it  be  concluded  to  print  that  report. 

Besides  the  volume  now  sent  in,  thoro  will  be  an  appendix,  containing  reports  upon  the 
botany  and  natural  history  of  the  country  adjacent  to  the  boundary,  with  from  two  to  three 
hundred  illustrations,  many  of  which  arc  already  engraved  and  the  plates  deposited  in  this  office. 
These  reports  are  in  the  hands  of  Drs.  Torrey,  Engeltnann,  and  Professor  Baird,  and  other  savanB 
of  the  country.  They  promise  to  have  them  all  finished  in  the  course  of  the  year.  These  reports 
not  being  of  the  same  general  interest,  I  concluded  it  was  proper  not  to  delay  sending  in  the 
general  report  until  their  completion. 

Should  it  be  deemed  proper  to  publish  the  general  report  and  a  limited  number  of  copies  of 
the  appendix,  I  beg  to  call  attention  to  my  letter  to  you  of  April  23,  1856,' by  which  it  will  be 
seen  there  is  a  large  surplus  of  funds  which  may  be  made  available  for  tho  purpose,  and  which 
has  been  saved  from  the  appropriations  made  by  Congress  for  tho  prosecution  of  the  work. 
That  surplus  is  at  present  more  than  $100,000. 

I  have  the  honor  to  be,  your  obedient  servant, 

W.  H.  EMORY, 

United  States  Committioiter. 

Hon.  Robert  McCullanu, 

Secretary  of  the  Interior. 
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ERRATA. 

Page     4,  line  37,  for  "iteppc*"  tend  step*. 

Page  24,  line  17,  for  '•  Chaa.  Wci«V  raid  Jolin  E.  Wete. 

Page  24.    Tlie  name  C  B.  B.  Ketmerly,  nurgeon,  omitted,  should  come  oft«r  J.  E.  Weiw. 

Page  41,  line  17,  fur  "4.0(H)"  read  5,0n0. 

Page   66,  line  3,  for  "  Los  Adjuntaa"  read  La*  Adjuota*. 

Page  70,  line  21,  for  "Zocate"  rend  7«iueW. 

Page  65,  line  1,  for  "  Bcyonp"  read  Beyond. 

Page  115,  lino  3*,  fur  "laid"  read  lay. 

Page  120,  line  19,  for  "  prcaent"  read  proaenta. 

Page  121,  line  30,  for  "  Foru]uicra"  read  Fouqulera. 

Page  127,  line  29,  for  "  ftuvlatlc"  read  fluvlatlle. 

Pago  12S,  line  41,  fur  "Yumaa"  read  Ynma. 

Page  134,  line  31,  for  "Pelatado"  read  Palotal. 

Page  134,  line  37,  for  '•  Sarnalurca"  read  Samalaynrca. 

Page  125,  line  4,  for  "  1,727.32-'  read  1,730.50. 

Page  125,  line  S,  for  "1,695.22"  read  1,698.40. 

Page  113,  line  39,  for  "Manual"  read  Manuel. 

Page   68,  line  12,  for  "  klitaa"  read  Ialiftaa. 

Page  123,  line  17,  for  "  Baboquivari"  read  Baboquivari. 

Page  131.  Tho  distances  from  Sew  San  Diego  to  Fort  Yuma  were  measured  by  Major  K.  W.  Brown,  paymaster  U.  S  A. 
Those  from  the  Pacific  ocean  to  the  Gulf  of  Mexico,  not  otherwise  designated,  were  measured  under  the  direction  of  Lieut. 
K.  Michler. 
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PREFATORY  REMARKS. 


The  instructions  given  to  me  August  16,  1854,  by  the  Hon.  Robert  McClelland,  Secretary  of 
tbe  Interior,  direct  that,  "  in*  all  cases  where  they  do  not  conflict  with  the  stipulations  of  the 
treaty,  or  the  specific  directions  contained  in  these  instructions,  you  will  be  guided  by  the 
instructions  issued  by  the  Department  of  State,  and  those  of  this  department,  to  the  Com- 
missioner, for  running  and  marking  the  boundary  line  under  the  treaty  of  Guadalupe  Hidalgo." 

The  instructions  referred  to,  given  to  one  of  my  predecessors,  and  not  repealed,  directed  an 
examination  of  the  country  contiguous  to  the  line  to  ascertain  its  practicability  for  a  railway 
route  to  the  Pacific ;  and  also  directed  information  to  be  collected  in  reference  to  the  agri- 
cultural and  mineral  resources,  and  such  other  subjects  as  would  give  a  correct  knowledge  of  the 
physical  character  of  the  country  and  its  present  occupants. 

A  compliance  with  these  instructions  has  necessarily  extended  this  report  very  much  beyond 
the  limits  of  the  record  necessary  to  show  the  official  acts  of  the  joint  commission. 

Fifteen  thousand  extra  copies  of  this  report  have  been  ordered  by  Congress.  It  consists  of 
two  volumes,  divided  into  four  part*.  The  first  part  comprises  the  personal  narrative ;  general 
description  of  the  country ;  journal  of  the  joint  commission ;  the  astronomical  work ; 
barometrical  levels ;  meteorological  record,  and  magnetic  observations.  The  second  part 
consists  of  the  geological  researches,  with  annotations,  and  a  review  of  the  whole  by  Professor 
James  Hall.  The  third  part  comprises  the  general  botanical  features  of  the  country,  by  Dr. 
John  Torrey,  described  from  memoirs  of  the  assistants,  and  from  the  plants  themselves,  and 
a  separte  description  of  the  cactaceae,  by  Dr.  George  Engelmann,  of  St.  Louis.  The  fourth  part 
embraces  the  natural  history  of  the  country,  by  Spencer  F.  Baird,  based  upon  the  notes  and 
memoirs  by  the  assistants,  and  upon  the  specimens  themselves. 

The  first  two  parts,  forming  volume  I,  are  now  presented  to  the  government ;  the  third  and 
fourth  parts,  forming  volume  II,  are  delayed  in  consequence  of  the  difficulty  of  getting  the  illus- 
trations engraved. 

Accompanying  the  first  volume  are  five  maps :  first,  a  general  map  on  a  scale  of  tst&tss >  ana" 
maps  numbered  from  1  to  4,  on  a  scale  of  6  vvvv>  showing  the  boundary  line  and  topography 
of  the  country  contiguous,  as  far  as  information  has  been  obtained  from  actual  survey  or  recon- 
noiseance.  If  these  maps  were  placed  in  the  hands  of  department  commanders,  with  directions 
to  fill  up  the  intervals  not  covered  by  actual  survey,  from  the  best  information  within  their 
reach,  which,  from  the  numerous  expeditions  sent  out  under  intelligent  officers  of  the  army,  is 
very  great,  the  government  would  be  in  possession  of  delineations  of  our  whole  southern 
frontier,  more  authentic  in  character  than  the  maps  of  many  of  the  old  States. 

I  have  confined  myself  in  all  these  maps,  exoept  the  general  map,  to  actual  information, 
derived  from  instrumental  survey,  and  in  doing  so,  have  sacrificed  considerable  general  interest 
which  might  have  been  given  them  had  I  incorporated  all  the  loose  information  which  exists 
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upon  tljo  subject ;  but  I  have  considered  that  the  time  has  come  when  hypothetical  geography 
should  cease,  particularly  when  the  graphic  representation  of  a  country  is  confided  to  the  hands 
of  officers  of  tho  United  States  army. 

In  all  cases  where  I  have  used  surveys  other  than  those  made  under  my  orders,  I  have 
endeavored  to  give  full  credit  to  the  officers  by  whom  the  labor  was  performed  ;  and  in  cases 
where  the  work  has  been  done  under  my  own  supervision,  the  name  of  each  assistant  has 
been  given. 

The  system  of  borrowing,  without  acknowledgment,  hitherto  adopted,  has  tended  very  much 
to  obscure  and  distort  the  history  of  the  explorations  and  surveys  of  the  western  portion  of  the 
American  continent,  and  has  led  Baron  Humboldt  into  grave  errors,  and  to  commit  personal 
injustice,  when,  in  his  Aspects  of  Nature,  he  attempts  to  present  the  progress  of  discovery  in  this 
region. 

Besides  the  maps  named  in  the  preceding  part  of  these  remarks,  fifty-four  maps  have  been 
constructed,  and  are  nearly  completed,  on  a  scale  of  j$  J00,  showing  the  boundary  line  in  detail 
from  the  mouth  of  the  Rio  Bravo  across  the  continent  to  where  the  line  terminates  on  the 

Pacific  ocean.  These  maps,  to  be  signed  jointly  by  the  Mexican  commissioner  and  myself,  are 
to  be  deposited  in  the  Department  of  the  Interior,  to  form  the  official  record  of  the  boundary. 
They  aro  too  voluminous  to  admit  of  publication,  and  it  is  believed  all  the  information  which 
they  contain  is  condensed  in  the  five  maps  which  are  published. 

Since  the  orders  first  given  for  this  work,  which  contemplated,  in  addition,  an  exploration  of 
a  route  for  a  railroad,  a  series  of  surveys  have,  by  act  of  Congress,  been  organized  under  the 
War  Department  for  the  purpose  of  ascertaining  the  best  railroad  route  to  the  Pacifio  ocean. 
All  the  information  derived  by  the  survey  of  the  boundary  line,  including  astronomical  de- 
terminations, topography,  and  barometrical  levels,  have  been  placed  at  the  disposal  of  the  War 
Department  in  reference  to  its  researches  as  to  the  routes  for  the  railway.  The  thoroughness, 
completeness,  and  fairness,  with  which  all  these  investigations  have  been  conducted  by  the  War 
Department,  and  the  able  manner  in  which  all  the  reports  and  reoonnoissances  have  been  col- 
lated, have  rendered  it  necessary  for  me  to  Bay  but  little  of  the  practicability  of  the  southern 
route,  and  have  necessarily  relieved  me  of  the  duties  expected  of  me  in  this  respect. 

The  reports  from  that  department  clearly  demonstrate  the  practibility  of  a  railroad  route 
through  the  newly  acquired  territory,  and  go  to  confirm  the  opinion  heretofore  expressed  by  me, 
that  it  is  the  mast  practicable,  if  it  is  not  the  only  feasible  route,  by  which  a  railway  can  be 
carried  across  the  "  Sierra  Nevada  "  and  its  equivalent  ranges  to  the  south. 

In  my  report  of  the  proceedings  of  the  joint  commission,  I  have  omitted  the  correspondence 
which  passed  between  the  Mexican  commissioner  and  myself,  and  our  respective  governments, 
upon  the  subject  of  paying  the  three  millions  of  dollars,  the  balance  of  the  indemnity  due  Mexico, 
and  claimed  by  her  representatives  when  the  field-work  of  running  and  marking  the  boundary 
line  was  completed.  That  correspondence  has  already  been  printed  by  Congress,  and  will  be 
found  in  Senate  Ex.  Doc.  No.  57,  34th  Congress,  1st  session.  It  is  sufficient  for  me  to  state 
hero  that  I  considered  the  claim  of  Mexico  premature,  and  that  the  money  should  not  be  paid 
until  the  plans  delineating  the  boundary  were  completed. 

I  conclude  these  remarks  by  appending  extracts  from  the  treaties  defining  the  boundary 
between  the  United  States  and  the  republic  of  Mexico,  and  a  copy  of  the  commission  conferring 
upou  me  the  authority  to  run  and  mark  the  line.  . 
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.  EiirtKi  from  <rasfy,  daUd  Guodoiup,  IfMgo,  Fdmmy  2,  1848. 
ARTICLE  V. 

The  boundary  line  between  the  two  republics  ahull  commence  in  the  Gulf  of  Mexico,  three  league*  from  Inrnl,  opposite 
the  mouth  of  the  Bio  Grande,  otherwise  culled  Rio  Bravo  del  Norte,  or  opposite  the  mouth  of  it*  deepest  branch.  If  it  should 
hare  more  than  one  branch  emptying  directly  into  the  sea ;  from  thence  up  the  middle  of  that  river,  following  the  deepest 
channel,  where  it  lias  more  than  one,  to  the  point  where  it  strikes  the  southern  boundary  of  New  Mexico  ;  thence,  west* 
wardly,  along  the  whole  southern  boundary  of  New  Mexico  (which  runs  north  of  the  town  called  Pom)  to  its  western  termi- 
nation ;  thence,  northward,  along  the  western  line  of  Now  Mexico,  until  it  intersects  the  first  branch  of  the  river  Gil* ; 
(or  if  it  should  not  intersect  any  branch  of  that  river,  then  to  the  point  on  the  said  line  nearest  to  such  branch,  and  thence 
in  a  direct  line  to  the  same  :)  thence  down  the  middle  of  the  said  branch  and  of  the  said  river,  until  it  empties  into  the 
Rio  Colorado;  thenco  across  tho  Rio  Colorado,  following  the  division  line  between  Upper  and  Lower  California,  to  the 
l"acific  ocean. 

The  southern  and  western  limits  of  New  Mexico,  mentioned  in  this  article,  arc  those  laid  down  in  tho  map  entitled 
"  Map  of  the  CnUed  Mexican  Stain,  at  organized  and  defined  by  mriout  ad»  of  thi  Orngmt  of  mid  repuhlir,  and  rmuiructrd  attordma  to  Otf 
bat  ■niitioritia.  Revited  edition.  PuUitked  at  jVoe  York,  in  1S47,  by  J.  VithtrntU."  Of  which  map  a  copy  is  added  to  this  treaty, 
bearing  the  signatures  and  seals  of  tho  undersigned  plenipotentiaries.  And,  in  order  to  preclude  all  difficulty  In  tracing 
upon  the  ground  the  limit  separating  Upper  from  Lower  California,  it  is  agreed  that  the  said  limit  shall  consist  of  a  straight 
line  drawn  from  the  middle  of  the  Rio  Gila,  where  it  unites  with  the  Colorado,  to  a  point  on  the  coast  of  tho  Purine  ocean 
distant  one  marine  league  duo  south  of  tho  southernmost  point  of  the  port  of  Kan  Diego,  according  to  tho  plan  of  said  port 
made  In  the  year  1782  by  Don  Juan  Pantoja,  second  ssilingmastcr  of  the  Spanish  fleet,  and  published  at  Madrid  in  the  year 
1802,  In  the  Atbut  to  the  voyage  of  the  fchconcrs  SsttJ  and  Mezirana,  of  which  plan  a  copy  Is  hereunto  added,  signed  and 
sealed  by  the  respective  plenipotentiaries. 

In  order  to  designate  the  boundary  lino  with  due  predslou,  upon  authoritative  maps,  and  to  establish  upon  the  ground 
landmarks  which  shall  show  the  limits  of  both  republics,  as  described  In  the  present  article,  the  two  governments  shall 
each  appoint  a  commissioner  and  a  surveyor,  who,  before  the  expiration  of  one  year  from  the  date  of  the  exchange  of 
ratifications  of  this  treaty,  shall  meet  at  tho  port  of  San  Diego,  and  proceed  to  run  and  mark  the  said  boundary  in  its 
whole  course  to  the  mouth  of  the  Rio  Bravo  del  Norte.  They  shall  keep  journals  and  moke  out  plans  of  their  operations  ; 
snd  the  result  agreed  upon  by  them  shall  be  deemed  a  part  of  this  treaty,  and  shall  havo  tho  same  force  as  if  it  were 
Inserted  therein.  The  two  governments  will  amicably  ogree  regarding  what  may  be  necessary  to  these  persons,  and  also  as 
to  their  respective  escorts,  should  such  bo  neoccEary. 

The  boundary  line  established  by  this  articlo  shall  be  religiously  respected  by  each  of  the  two  republics,  and  no  change 
shall  ever  be  made  therein,  except  by  the  express  and  free  consent  of  both  nations,  lawfully  given  by  the  general  govern, 
mciu  or  cocn,  in  rxnirormii}  witti  lib  otto  cocuilRutioa. 


Extntt  from  trtaty,  dated  £%  </  Mexico,  December  30,  1853. 
ARTICLE  1. 

The  Mexican  republic  agrees  to  designate  the  following  us  her  true  limits  with  tho  United  Slates  for  the  future  :  retaining 
the  same  dividing  line  between  the  two  Calif omios  as  already  defined  and  established,  according  to  the  5th  article  of  the 
treaty  of  Guadalupe  Hidalgo,  the  limits  between  tho  two  republics  shall  bo  as  follows :  Beginning  in  the  Oulf  of  Mexico, 
three  leagues  from  bind,  opposite  the  mouth  of  tho  Rio  Grande,  as  provided  in  the  5th  articlo  of  the  treaty  of  Guadalupe 
Hidalgo ;  thence,  as  defined  In  the  said  article,  up  tho  middle  of  that  river  to  the  point  where  the  parallel  of  "Sl^  47'  north 
latitude  crosses  the  same  ;  thence  due  west  one  hundred  miles ;  thence  south  to  the  parallel  of  31°  20'  north  latittido  ; 
thence  along  the  said  parallel  of  31°  20'  to  the  111th  meridian  of  longitude  west  of  Greenwich  ;  thence  in  a  straight  line 
to  a  point  on  the  Colorado  river  twenty  English  miles  below  the  junction  of  the  Gila  and  Colorado  rivers  ;  thence  up  tho 
middle  of  the  said  river  Colorado  until  it  intersects  tho  present  line  between  the  United  States  and  Mexico. 

*  In  tae  eopr  of  lb«  4Ui  snick'  of  thi*  treaty,  Ales'  in  the  Department  of  State  and  pubMahcd,  thU  parallel  U  aSsertbcd  se  Uie  parallel  of  31*  47'  30"; 
bat  It  wu  so  clearly  an  error  of  tcsoacrihuii  thai  the  Meiicu  conuuiMioaer,  with  ibsi  food  km  which  dMnctcrtsed  ail  his  proccmj  lass,  agrsstl  to 
ifiwif-M.  W.  H.  E. 
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For  (be  perform  an  oo  of  thl*  portion  of  the  treaty,  each  of  the  two  government*  shall  nominate  one  commissioner,  to  the 
end  that,  by  common  consent,  the  two  thus  nominated,  having  met  in  the  city  of  Paso  del  Norte,  three  months  after  the 
exchange  of  the  ratification!  of  this  treaty,  may  proceed  to  surrey  and  mark  out  upon  the  land  the  dividing  line  stipulated 
by  this  article,  where  it  shall  not  have  already  been  surveyed  and  established  by  the  mixed  commission,  according  to  the 
treaty  of  Guadalupe,  keeping  a  journal  and  making  proper  plans  of  their  operations.  For  this  purpose,  if  thry  should  judge 
it  necessary,  the  contracting  parties  shall  be  at  liberty  each  to  unite  to  its  respective  commissioner,  scientific  or  other  assist- 
ants, such  as  astronomers  and  surveyors,  whose  concurrence  shall  not  be  considered  necessary  for  the  settlement  and  ratifi- 
cation of  a  true  line  of  division  lwtweeii  Ui<-  two  republics ;  that  line  shall  be  alone  established  upon  which  the  commis- 
sioners may  fix,  their  consent  in  this  particular  being  considered  decislvo  and  an  integral  part  of  this  treaty,  without  neces- 
sity of  ulterior  ratification  or  approval,  and  without  room  for  interpretation  of  any  kind  by  cither  of  the  parties  contract  log. 

The  dividing  line  thus  established  shall,  in  all  time,  be  faithfully  respected  by  the  two  governments,  without  any  varia- 
tion therein,  unless  of  the  express  and  free  consent  of  the  two,  given  in  conformity  to  the  principles  of  the  law  of  nations, 
and  In  accordance  with  the  constitution  of  each  country,  respectively. 

In  consequence,  the  stipulation  in  the  5th  article  of  the  treaty  of  Ouadalupe  upon  the  boundary  lino  therein  described  is 
no  longer  of  any  force,  wherein  It  may  conflict  with  that  here  established,  the  said  line  being  considered  annulled  and 
abolished  wherever  It  may  not  coincide  with  the  present,  and  in  the  same  manner  remaining  in  full  force  where  in  accord- 
ance with  the  same. 

ARTICLE  11. 

The  government  of  Mexico  hereby  releases  the  United  States  from  all  liability  on  account  of  the  obligations  containod  in 
the  eleventh  article  of  the  treaty  of  Guadalupe  Hidalgo  ;  and  the  said  article  and  the  thirty-third  article  of  the  treaty  of 
amity,  commerce,  and  navigation  between  the  United  States  of  America  and  the  United  Mexican  States  concluded  at  Mexico, 
on  the  fifth  day  of  April,  1831,  are  hereby  abrogated. 


Fbasklix  Pixaca,  PrmUni  </  the  United  Stala  qf  Amrrvn  : 

To  all  who  shall  sec  these  presents,  greeting:  Know  ye,  that,  reposing  special  trust  and  confidence  in  the  integrity, 
ability,  and  diligence  of  William  II.  Emory,  of  the  District  of  Columbia,  I  do  appoint  him  to  be  commissioner,  on  the  part 
of  the  United  Stairs  of  America,  to  run  the  boundary  line  between  the  United  States  and  the  Mexican  republic  according 
to  the  treaty  between  the  two  nations  entered  into  the  30th  day  of  December,  1*53,  and  do  authorise  and  empower  him 
to  execute  and  fulfil  tho  duties  of  that  office  according  to  law  ;  and  to  have  and  to  hold  the  said  offico,  with  all  the 
powers,  privileges,  and  emoluments  thereunto  legally  appertaining  unto  him,  tho  said  William  II.  Emory,  during  the 
pleasure  of  the  President  of  the  United  Stele,  for  the  time  being. 

In  testimony  whereof,  I  have  caused  these  letters  to  be  made  patent,  and  the  seal  of  the  Department  of  the  Interior  of 
the  United  Statej  to  be  hereunto  affixed.    Given  under  my  hand,  at  the  city  of  Washington,  the  fourth 
[seal.]    clay  of  August,  In  the  year  of  our  Lord  one  thousand  eight  hundred  and  fifty-four,  and  of  the  independence 
of  the  United  States  of  America  the  seventy-ninth. 

FRANKLIN  PIERCE. 

By  the  President : 

robert  mcclelland, 

SetrKary  <tf  tin  Intern. 
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ORCATIZATIOX  Of  TRI  OOMUSHOX  FOR  Rl'KXIXO  TOTS  BorXTlART  TIN!  BIT W KEN  TOT  TJXITRO  STATXS  AHTJ  TTTE  RKPnnUC  OF  JfKXtOO, 
I  MDU  TUB  TT1EATT  OT  AUOUNT,  1848. — C1IAXUR)  IN  Till!  URAIl  OF  TUB  COMMISSION. — <JOU>  MANIA  IX  CALIFUHM1A. — FAILVHM 
OF  TI1R  GOVERNMENT  TO  KUP  ITU  EXOAO KMENTS.—  MUATPUCATION  OF  Til*  lTIIMO  MOSKT. — OKXKIIAL  MIKMAXAORMKXT  OF  TTIK 
AT  A I  R»  Of  TIIK  OOMMISMON.—  FI».\L  RKOR0AXIIAT1OS.— CORRECTIOX  OF  8TATKMENTN  IN  MR.  HARTLBTTS  KAURATTVR. 

Tho  narrative  of  the  connexion  which  different  individuals  have  had  with  the  Boundary 
Commission  would  no  doubt  be  instructive,  but  the  commission  organized  undor  tho  treaty  of 
Guadalupe  Hidalgo  was  changed  so  frequently,  and  the  controversies  between  different  mem- 
bers of  the  commission  were  so  acrimonious,  as  to  make  the  task  both  complicated  and  unpleas- 
ant, and  the  execution  of  it  might,  perhaps,  be  attended  with  injustice. 

I  will,  therefore,  confine  myself  to  such  accounts  as  will  enable  the  government,  should  occa- 
sion require  it,  to  trace  the  history  of  the  work,  or  any  particular  portion  of  it,  and  to  tho  cor- 
rection of  some  erroneous  impressions  which  have  gone  abroad,  not  under  authority  of  the  gov- 
ernment, but  of  books  published  as  a  private  venture. 

There  have  been  two  boundaries  agreed  upon  with  Mexico— that  provided  for  in  the  treaty  of 
Guadalupe  Hidalgo,  August,  1848,  and  that  which  now  exists  as  the  boundary,  agreed  upon  in 
the  city  of  Mexico,  December  30,  1853,  and  usually  known  as  the  Gadsden  treaty. 

The  treaty  under  which  tho  first  commission  was  organized  required  the  appointment  of  a 
commissioner  and  surveyor,  to  run  and  mark  tho  boundary  from  the  Pacific  to  tho  Atlantic,  a 
distance  following  the  sinuosities  of  the  boundary  of  several  thousand  miles,  extending  over  a 
portion  of  the  Continent  but  little  known,  and  diversified  with  much  variety  of  climate  and 
topography,  and  infested  throughout  its  whole  extent  with  formidable  and  hostile  bands  of 
Indians. 

I  traversed  a  considerable  portion  of  the  line,  in  the  campaign  of  1846  and  1847,  and  made  a 
reconnoisBance  of  tho  country  adjacent.  The  information  obtained  formed  tho  basis  of  Mr. 
Buchanan's  specific  instructions  to  our  minister  in  Mexico,  in  reference  to  the  boundary,  which 
instructions,  unfortunately  for  the  country,  were  not  carried  out. 

It  was,  no  doubt,  from  my  supposed  knowledge  of  the  country  that  President  Polk  tendered 
me  the  office  of  commissioner,  but  attached  tho  condition  that  I  should  resign  from  the  army. 
This  I  respectfully  declined.  Colonel  Weller  was  then  appointed  commissioner,  and  I  was 
attached  to  the  commission  as  chief  astronomer  and  commander  of  the  escort  of  United  States 
troops,  which  was  to  accompany  it. 

The  commission  was  organized  on  a  moderate  plan,  and  proceeded,  according  to  the  terms  of 
the  treaty,  to  commence  at  a  point  south  of  San  Diego,  on  tho  Pacific  side.  The  only  way  to 
get  th«re  was  by  Cape  Horn  or  by  the  Isthmus  of  Panama.  Most  of  the  commission  took  the 
latter  route,  and  reached  Panama  in  March,  1849,  expecting  to  meet  one  of  tho  lino  of  mail 
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steamers  just  established  by  the  govi*ithcnt.    In  this  wo  were  disappointed,  and  were  kept  in 
Panama,  at  great  expense,  until  tho  middle  of  Mar. 

Soon  after  the  organization  of  the  commission  in  Washington,  and  on  the  eve  of  departure, 
the  news  came  of  the  discovery  of  fields  of  gold  in  California.  This  report  set  all  "  the  wide 
awake"  and  unemployed  men  in  the  country  in  motion  towards  tho  new  Eldorado,  and  it  was 
with  tho  greatest  difficulty  that  passage  to  Chagres  could  he  procured  in  the  meanest  craft. 
Every  steamer  and  sailing  vessel,  without  regard  to  sea-going  qualities,  that  could  bo  drawn 
from  the  regular  channels  of  commerce,  were  put  in  requisition,  and  it  was  with  considerable 
trouble  that  I  procured  a  passage  in  the  steamer  Northerner,  which  sailed  from  New  York. 

Simultaneously  with  our  arrival  on  the  Isthmus,  there  was  a  precipitation  upon  it  of  all  the 
odds  and  ends  of  the  inhabitants  of  the  Atlantic  coast  of  North  America  and  Europe.  Tho 
stato  of  Panama,  with  its  mongrel  race  of  Indians,  negroes  and  Spaniards,  with  their 
intellects  obfuscated  by  bigotry,  and  their  bodies  enervated  by  a  tropical  climate,  was  wholly 
unequal  to  the  task  of  receiving  and  cntertnining,  in  an  orderly  manner,  such  an  influx  of 
strangers.  Fortunately,  the  mass  of  them  was  of  tho  self-governing  race  of  the  whites  of 
North  America,  and  when  disorder  and  confusion  seemed  inevitable,  propriety  resumed  the 
sway,  and  a  germ  of  civil  liberty  and  self-government  was  planted  for  tho  first  time  in  that 
mis-called  republic,  the  fruits  of  which  are  now  beginning  to  be  made  apparent  in  the  new  code 
of  laws,  and  the  extended  and  liberal  views  of  some  of  her  citizens ;  among  whom  stands  con- 
spicuously Seuor  Arosemena,  to  whose  good  offices  we  were  indebted  for  a  roof  over  our  heads 
during  our  long  delay  in  Panama. 

It  was  estimated  that  as  many  as  four  thousand  people  were  collected  in  Panama,  awaiting 
transportation  to  California.  The  price  of  passage-tickets  in  the  expected  steamers  rose  to  an 
exorbitant  sum.  Each  person  seemed  to  think  that  there  was  a  limited  supply  of  gold,  and 
that  his  hopes  of  getting  any  portion  of  it  depended  upon  his  early  arrival  in  the  field.  Panama, 
at  that  time  fallen  into  decay,  and  her  name,  in  fact,  stricken  from  the  list  of  commercial  cities, 
was  out  of  the  highway  of  ships.  Boats,  something  in  shapo  and  awkwardness  like  the  "  dug- 
outs "  of  tho  Mississippi,  in  use  among  the  natives  to  transport  fruit  from  the  neighboring 
island  of  Toboga,  were  the  only  description  of  vessels  that  could  then  be  obtained.  The  largest 
of  them  did  not  exceed  ten  or  fifteen  tons  in  capacity.  Yet  many  were  put  in  requisition  to 
navigate  the  ocean  over  a. space  of  three  thousand  miles,  extending  along  a  rock-bound  coast, 
swept  for  a  considerable  portion  of  the  way  by  adverse  north  winds.  Many  of  the  bold  adven- 
turers wero  wrecked,  and  fow,  if  any,  reached  their  destination  in  their  frail  barks,  but  were 
obliged  to  put  in  at  Acapulco  and  other  ports  along  the  coast.  > 

Seeing  that  there  was  little  probability  of  our  obtaining  passage  to  San  Diego  before  tho 
middle  of  May,  I  unpacked  the  instruments,  and  set  them  up  for  the  double  purpose  of  prac- 
tising my  assistants  and  making  observations  at  Panama  for  latitude  and  longitude,  magnetic 
dip  and  intensity,  and  other  phenomena,  the  results  of  which  will  be  found  elsewhere.  Tho 
result  of  these  observations  threw  much  light  on  the  geographical  position  and  the  climato  of 
those  tropical  regions ;  but  as  tho  observations  upon  which  they  were  founded  were  published 
in  the  fifth  volumo  of  the  proceedings  of  the  American  Academy  of  Arts  and  Sciences,  at 
Boston,  it  has  not  been  considered  necessary  to  reproduce  them  in  this  work. 

When  we  arrived,  in  March,  the  summer  or  dry  season  was  not  ended,  and  the  country  was 
very  healthy;  but  towards  the  latter  end  of  April  the  rainy  season  set  in,  and  with  it  came  fever 
and  cholera.    Rejecting  the  sanitary  precautions  of  abstemiousness  usually  resorted  to  in  such 
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case*,  I  employed  a  good  cook,  and  purchased  light  wines,  and,  by  a  generous  diet,  myself  and 
companions  escaped  all  disease,  although  we  were  out  every  clear  night  observing — at  a  time 
when  it  was  thought  ccitain  death  to  the  foreigner  to  expose  himself.  I  learned  this  agreeable 
preventive  treatment  in  Vera  Cruz,  which  I  twice  visited  when  the  vomito  was  raging — 
the  last  time  under  aggravating  circumstances.  Being  engaged  in  embarking  my  regiment, 
which  was  encamped  two  miles  from  the  city,  I  was  obliged  to  make  frequent  visits  to  the 
latter  both  night  and  day,  exposed  alternately  to  the  scorching  sun  and  the  evening  dews; 
and  although  frequently  passing  through  infected  districts  since,  it  was  not  until  the  autumn 
of  1853  that  I  suffered  from  this  disease.  I  attribute  the  attack  at  that  time  to  the  fact  of  being 
kept  on  board  a  ship,  where,  by  an  unexpectedly  long  voyage  of  eighteen  days  from  Brazos 
Santiago  to  Pcnsacola,  we  were  reduced  to  salt  junk  and  whiskey.  With  the  system  suffering 
under  tlya  diet,  I  incautiously  visited  Mobile,  where  the  epidemic  was  very  violent.  In  all 
places  where  this  malady  has  prevailed,  it  is  undoubtedly  the  case  that  those  addicted  to  the 
use  of  salt  meats,  brandy,  whiskey,  and  the  stronger  wines,  Madeira  and  Sherry,  are  the  most 
likely  to  suffer.  And  we  may  not  see  any  important  changes  in  the  health  "of  the  southern 
coast  of  the  United  States  until  its  inhabitants  shall  conform  to  the  habits  of  tropical  nations — 
discard  rich,  unctuous  food,  and  all  alcoholic  drinks,  and  substitute  pilaus  and  the  light  wines 
which  can  be  produced  in  the  mountains  of  the  Carol inaa  and  Georgia,  but  more  particularly  in 
the  champagne  country  of  Texas. 

It  was  not  until  after  the  middle  of  May  that  a  steamer  appeared  in  the  harbor,  which 
proved  to  be  the  "  Panama,"  one  of  the  line  of  United  States  Pacific  mail  steamers,  upon  which  I 
had  shipped  from  New  York  the  heaviest  of  the  astronomical  instruments  intended  for  the 
boundary  survey,  in  charge  of  Captain  Hardcastle,  corps  Topographical  Engineers. 

The-"  Panama  "  was  built  beforo  the  discovery  of  gold  in  California,  when  it  was  supposed  but 
very  little  would  be  carried  by  her  except  tho  United  States  mails  and  the  government  officers 
passing  to  California  and  Oregon.  Her  tonnage  was,  I  think,  something  under  1,000  tons; 
yet  such  was  the  irresistible  press  for  passage  to  California,  that  when  she  weighed  anchor  to 
proceed  on  h*r  voyago,  no  less  than  seven  hundred  souls,  exclusive  of  her  crew,  were  found  to  be 
on  board.  Every  reasonable  effort  was  made  by  Capt.  Bailey  and  other  officers  of  the  ship  to 
administer  to  our  comforts,  yet  the  voyage  was  of  the  most  disagreeable  and  unsatisfactory 
character. 

'  The  treaty  with  Mexico  required  that  wo  should  be  in  San  Diego  on  or  before  the  31st  of 
May.  We  arrived  thcro  on  the  1st  of  June,  but  finding  the  Mexican  commissioner  had  not 
come,  wc~wero  at  once  satisfied  that  no  evil  would  result  from  the  unavoidable  delay.  On 
reaching  San  Diego  we  found  the  escort  of  troops  awaiting  us.  It  was  composed  of  company 
"A,"  1st  dragoons,  commanded  by  Lieut.  Coutts,  and  company  "H,"  2d  infantry,  commanded 
by  Capt.  Hayden. 

San  Diego  appeared  to  mo  not  to  have  changed  since  1810-'47.  The  news  of  tho  discovery 
of  gold  in  the  northern  part  of  California,  produced  less  commotion  in  that  quiet  town  than  in 
New  York  or  Panama.  Fortunately  for  us,  it  did  not  feel  the  effect  until  the  reaction  came 
from  the  Atlantic  side,  some  months  after  our  arrival.  Had  it  been  otherwise,  all  attempts  to  ' 
keep  together  tho  enlisted  men  and  laborers  of  tho  survey  would  have  been  idle,  and  the  com- 
mission would  have  been  disorganized  before  doing  anything. 

Tho  Mexican  commissioner  arrived  July  3,  at  San  Diogo,  accompanied  by  one  hundred  and 
fifty  troops.    The  joint  commission  was  organized  on  the  6th,  and  on  the  9th  I  established  my 
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observatory  at  the  Punta,  and  called  it  Camp  Riley,  after  the  general  then  commanding  in  Cali- 
fornia, to  whom  we  were  much  indebted  for  affording  many  facilities  in  conducting  the  survey. 
The  infantry  company  was  encamped  in  the  valley  near  me,  and  the  dragoons  were  sent  up  tho 
valley  of  the  Tia  Juana,  to  a  point  where  the  grazing  was  good,  to  get  in  condition  for  the  hard 
service  upon  which  they  were  soon  to  be  employed. 

The  following  distribution  was  made  of  that  portion  of  the  officers  and  employes  of  tho 
boundary  commission  under  my  direction :  Aided  by  James  Nooney  and  George  C.  Gardner, 
I  took  tho  personal  charge  of  the  determination  of  the  latitude  and  longitude  of  Camp  Riley, 
and  the  triangulation  by  which  that  determination  was  to  be  carried  to  the  initial  point  on  tho 
Pacific;  no  convenient  place  for  wood  and  water,  which  was  at  the  same  time  protected  from 
winds  and  the  drifting  sands,  being  nearer  to  the  initial  point  than  Camp  Riley. 

Lieut.  A.  W.  Whipple,  corps  Topographical  Engineers,  assisted  by  Messrs.  Parry  and  Ingra- 
ham,  were  assigned  to  the  charge  of  the  party  to  determine  the  other  extremity  of  the  straight 
line  forming  the  boundary  at  the  junction  of  the  Gila  and  Colorado.  In  addition  to  his  duties 
as  aassistant,  Dr.  Parry  was  charged  with  the  geological  and  botanical  investigations  to  illus- 
trato  the  physical  geography  of  the  country. 

Capt.  E.  L.  F.  Hard  castle,  corps  Topographical  Engineers,  assisted  by  Mr.  George  C.  Gard- 
ner, and  escorted  by  Lieut.  Slaughter,  with  a  detachment  on  foot,  was  placed  in  charge  of  the 
party  to  reconnoitre  the  country,  gain  a  knowledge  of  tho  topography,  and  select  elevated 
points  by  which  the  extremities  of  the  line,  or  tho  two  observatories  in  charge  of  Lieut.  Whipple 
and  myself,  could  be  connected  in  longitude  by  flashes  of  gunpowder. 

A  party  under  tho  charge  of  the  United  States  surveyor,  assisted  by  Messrs.  Whiting, 
Taylor,  and  Foster,  were  employed  in  surveying  the  shore-line  of  the  head  of  tho  bay,  for  tho 
purpose  of  showing  on  paper  the  initial  point  of  the  boundary  on  tho  coast  of  the  Pacific, 
described  in  the  treaty  as  being  one  marine  league  south  of  the  port  of  San  Diego. 

The  portion  of  the  boundary  which  the  commissioner  designed  to  run  first,  consisted  of  a 
Btraight  line  from  a  point  on  the  Pacific  ocean,  ono  marine  league  south  of  the  port  of  San 
Diego,  to  tho  junction  of  the  Gila  and  Colorado.  The  most  obvious  way  of  determining  tho 
direction  of  this  line  was  to  connect  the  two  points  by  triangulation,  and  in  this  way  ascertain 
their  relative  positions  on  the  face  of  the  earth,  and  compute  the  azimuth  of  the  line  joining 
them.  But  the  character  of  the  intervening  country  made  it  impossible  to  pursue  this  modo  of 
operating,  when  the  time  and  means  at  our  disposal  were  considered.  Triangulation  is  the. 
most  accurate,  but  the  slowest  and  most  expensive  method  of  surveying,  even  in  old  settled 
countries,  where  the  stations  to  be  selected  are  easily  accessible  in  wagons. 

The  peculiarities  of  this  country  presented  obstacles  almost  insurmountable  to  such  an  opera- 
tion. The  whole  distance,  about  148  miles,  may  be  divided  into  two  nearly  equal  parte,  differ- 
ing in  character,  but  both  unfavorable  to  geodetic  operations.  The  first,  rising  in  steppes  from 
the  sea,  devoid  of  water,  and  covered  with  spinous  vegetation,  attains  in  abrupt  ascents  the 
height  of  five  or  six  thousand  feet  above  the  sea  in  the  short  distance  of  thirty  miles.  From 
this  point,  for  about  thirty  miles  more,  the  country  is  occupied  by  a  succession  of  parallel  ridges, 
'  striking  the  boundary  nearly  at  right-angles,  and  separated  by  deep  and  sometimes  impassable 
chasms.  It  then  falls  abruptly  to  near  the  level  of  the  sea.  The  remainder  of  the  line  stretches 
across  the  desert  of  shifting  sand  at  the  head  of  the  Gulf  of  Caltfornia,  destitute  for  the  most 
part  of  lwth  water  and  vegetation,  rendering  it  impossible  to  mark  the  boundary  in  the  usual 
manner  on  the  ground. 
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At  tho  various  conferences  of  the  joint  commission,  tho  mode  of  conducting  tho  survey  was 
discussed ;  and  it  was  agreed  to  determine  the  lino  by  astronomical  methods,  as  the  only  mode  by 
which  wo  could  do  so  correctly  and  within  our  means.  Although,  not  then  a  member  of  tbe 
joint  commission,  I  was  invited  to  their  consultations;  and  my  knowledge  of  the  country, 
derived  from  a  previous  exploration,  was  brought  into  requisition. 

I  yould  here  be  doing  injustice  to  Colonel  Weller,  the  United  States  commissioner,  and 
General  Conde,  the  Mexican  commissioner,  if  I  did  not  place  their  conduct  in  contrast  with 
what  subsequently  happened,  by  commending  the  just  and  enlarged  views  which  guided  their 
early  conferences,  and  the  intelligence  and  liberality  with  which  all  suggestions  for  the  guidance 
of  tbe  scientific  operations  of  the  commission  were  received  and  adopted  by  those  two  gentle- 
men. 

It  will  be  seen  by  those  conversant  with  geodetic  matters,  that  the  determination  I  hod 
undertaken  was  of  no  ordinary  kind,  and  required  foP  its  success  tbe  most  accurate  and  elaborate 
observations,  and  a  skilful  application  of  those  observations  by  analytic  formulae,  involving  tho 
figure  of  the  earth  and  other  elements,  a  perfect  knowledge  of  which  has  not  yet  been  attained, 
although  researches  upon  the  subject  have  occupied  the  minds  of  the  great  astronomers  ;  and 
the  last  half  century  has  seen  their  labors  embodied,  and  our  knowledge  brought  very  near 
perfection,  by  the  beautiful  analysis  of  Bessel,  and  the  successful  application  of  that  analysis 
by  Professor  A.  D.  Bache. 

An  error  in  the  latitude  or  longitude  of  either  extremity,  of  a  few  seconds,  would  produce  a 
great  departure  of  the  line  from  the  point  it  was  intended  to  strike ;  the  utmost  precision  was, 
therefore,  necessary  to  be  observed  in  all  determinations  connected  with  the  lino. 

In  this  operation  I  looked  for  little  or  no  aid  from  the*Mexican  commission,  for  although 
composed  of  well  educated  and  scientific  men,  their  instruments  were  radically  defective.  Our 
determinations,  after  being  re-observed  and  re-computed  by  the  Mexican  commission,  were 
received  by  them  without  correction  ;  and  the  actual  tracing  of  the  line  on  the  ground  by  the 
two  parties,  operating  in  different  directions  from  the  two  extremities  of  the  line,  showed  their 
correctness.  When  tho  parties  met  on  tho  deatrt,  they  were  found  to  be  bo  nearly  on  the 
same  line,  that  the  difference  might  as  properly  be  attributed  to  tho  inaccuracy  of  prolong- 
ing straight  lines  over  such  vast  and  almost  impassable  tracts,  as  to  error  in  the  original 
direction. 

The  elaborate  observations  and  computations  by  which  tho  result  was  arrived  at,  will  be 
found  in  their  proper  place. 

It  was  in  the  month  of  September,  while  engaged  in  this  dreary  and  thankless  work,  that 
intelligence  was  received  that  Colonel  Weller  was  removed,  and  Mr.  J.  C.  Fremont  was 
substituted.  This  official,  although  he  accepted  the  appointment,  afterwards  declined  it, 
and  never  joined  the  commission.  At  this  time  Colonel  Weller  was  absent  at  tbe  north, 
engaged  in  the  fruitless  task  i  f  raising  funds.  About  tbe  samo  time,  intelligence  reached  our 
hitherto  quiet  and  secluded  camp,  of  the  successful  accumulation  of  wealth  by  many  who  hail 
gone  to  the  gold  region  without  a  dollar  in  their  pockets.  News  camc;  too,  that  was  afterwards 
confirmed,  that  Colonel  Weller's  drafts  had  been  protested,  bis  disbursements  repudiated,  and 
himself  denounced  as  a  defaulter  ;  when,  at  that  very  time,  as  the  settlement  of  bis  accounts 
afterwards  showed,  he  was  in  advance  to  the  government. 

The  wages  of  common  laborers  employed  at  the  port  of  San  Diego  suddenly  rose  to  $lo0  per 
month,  and  of  carpenters  to  $10  per  day.    Subsistence  of  every  kind  rose  in  proportion  ;  the 
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soldiers'  rations  from  20  cents  to  $1  50  per  day.  Our  people  had  not  beeu  paid  for  some  time, 
and  we  were  without  a  dollar.  This  seemed  more  than  poor  human  nature  could  hear,  and 
ono  by  one  our  force  dropped  off,  until  hut  four  or  five  of  the  civil  employes  remained,  and 
among  them  three  persous  in  subordinate  positions,  whose  fidelity,  I  think,  deserves  to  be 
remembered — Francis  Holley,  Frank  Stone,  and  my  servant  Robert,  a  slave. 

I  find  no  fault  with  any  gentleman  in  civil  life  who  left  the  commission  at  this  time.  • 
Had  I  not  been  an  officer  of  the  army  in  command  of  troops,  and  in  charge  of  an  important 
work  co-operating  with  a  foreign  commission,  I  should  havo undoubtedly  exercised  the  privilege 
of  withdrawing.  The  government  failed  to  comply  with  it*  obligations  to  pay  the  civil  officers 
and  employe's  their  salaries,  and  even  to  supply  them  with  the  necessary  subsistence.  On  the 
other  hand,  the  field  of  gold  was  Bpread  before  them,  and  almost  within  their  reach.  I  cannot 
say  that  any  of  the  commission  would  have  yielded  to  the  temptation  had  those  in  authority 
been  supplied  with  the  means  to  pay  them,  or  had  they  been  invited  to  remain.  As  it  was,  I 
am  not  prepared  to  *ay  that  ono  left  the  commission  without  receiving  and  deserving  an  honor- 
able discharge,  and  not  a  single  member  ever  deserted  the  commission.  I  was  at  this  time  in 
a  position  of  extreme  embarrassment.  It  was  a  critical  period  in  the  progress  of  the  work.  All 
the  preliminary  steps  had  been  taken  ;  the  observations  nearly  completed  at  one  end  of  the  line, 
and  the  party  designed  for  the  mouth  of  the  Gila  ready  to  start ;  the  commissioner  absent ;  with- 
out a  dollar  in  my  pocket ;  the  commission  dishonored  at  home,  and  without -credit  in  the  field. 
In  this  dilemma  I  did  not  hesitate  to  take  the  responsibility  of  using  the  military  power  in  my 
hands  to  keep  the  work  from  being  abaudoned. 

I  directed  the  quartermaster  and#commissary  of  the  army  attached  to  the  escort  to  furnish 
supplies  and  transportation,  and  I  engaged  to  give  each  soldier,  with  the  assent  of  his  captain, 
when  not  on  military  duty,  two  dollars  for  each  day's  work  done  in  running  the  boundary. 

This  arrangement,  which  was  cordially  approved  by  tho  commissioner,  and  subsequently,  on 
a  change  of  administration,  by  tho  government,  worked  well  in  more  wars  than  one. 
While  it  supplied  me  with  the  manual  labor  necessary  to  carry  on  the  work,  it  prevented 
desertion  from  the  escort,  which,  in  other  bfanchea  of  the  army  in  California,  occurred  to  an 
alarming  extent;  in  some  cases  entire  guards  going  off  with  their  arms.  Throughout  the  whole 
campaign  we  had  but  three  desertions,  and  when  I  was  relieved  from  the  command  1  was  com- 
plimentcd  in  orders  from  the  commanding  general  of  California  for  the  successful  manner  in 
which  the  troops  had  beeu  held  together. 

The  outrage  inflicted  on  the  commission  by  withholding  funds,  and  attempting  to  place  at  it« 
head  persons  under  influences  avowedly  hostile,  so  far  from  shaking  my  interest  in  the  great 
scientific  work  which  I  had  commenced,  only  increased  my  determination  to  complete  it.  At 
the  Bame  time  I  felt  it  my  duty  to  resent  the  indignity,  by  tendering  my  resignation,  to  take 
effect  on.  the  completion  of  the  line  I  had  commenced,  which  was  the  only  one  indeed  in  the 
boundary,  as  then  agreed  upon,  involving  any  very  great  degree  of  scientific  skill.  I  accord- 
ingly wrote  to  the  honorable  Secretary  of  State  the  following  letter : 

Camp  l\ii£Y,  September  15,  18-19. 
.  ********** 

It  is  questionable  in  my  mind  whether  the  Department  of  State  has  followed  up  its  iutention, 
conveyed  in  the  preliminary  instructions  of  February  15.  But  if  it  has  done  so,  and  I  am  con- 
sidered as  occupying  the  position  of  chief  astronomer  and  topographical  engineer  (of  the  boundary 
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commission,)  I  now  desire,  for  reasons  which,  in  my  judgment,  form  an  insurmountable  ob- 
stacle to  the  proper  performance  of  these  duties,  to  he  relieved  from  all  duty  on  the  commission. 

I  request  the  person  may  be  designated  to  whom  the  instruments  in  my  custody  shall  bo 
turned  over.  They  are  at  present  distributed  between  Captain  Hardcastlo,  Lieut.  Whipple, 
Mr.  A.  B.  Gray,  and  myself.  In  due  season  an  account  will  be  rendered  of  my  astronomical 
determinations  on  this  work,  and  the  commission  wilf  be  furnished  with  the  result. 

By  tho  time  of  receiving  my  recall,  I  hope  to  have  finished  the  determination  of  the  astrono- 
mical line  forming  the  boundary  between  the  Pacific  and  the  mouth  of  tho  Gila  river,  and  it 

will  be  a  convenient  point  for  the  transfer  of  tho  work  to"  other  hands. 

*         *.*  *  *  *  *         *         *         *  * 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

W.  H.  EMORY. 

In  reply  to  this  letter  I  received,  almost  simultaneously,  the  two  following  letters : 

Washington,  November  21,  1849. 
8ra  :  Your  letter  of  the  15th  of  September  has  been  received.  I  learn  from  it  with  regret 
that  you  wish  to  bo  relieved  from  your  duties  as  astronomer  and  topographical  engineer,  in 
connexion  with  the  commission,  on  the  part  of  the  Uuited  States,  for  marking  the  boundary 
pursuant  to  the  treaty  of  Guadalupe  Hidalgo.  Your  claims  and  peculiar  aptitude  for  that 
service  were  so  generously  acknowledged,  that  there  was  every  reason  to  hope  you  might  not  bo 
severed  from  the  commission  nntil  tho  close  of  tho  business  confided  to  it.  Entertaining  no 
doubt,  however,  that  the  reasons  to  which  you  allude  are  sound,  and  that  the  public  will  derive 
advantage  from  your  employment  in  any  other  professional  duty  which  may  be  assigned  to 
you,  yonr  request  is  acceded  to,  and  in  a  letter  of  this  date  I  have  requested  the  Secretary  of 
War  to  designate  your  successor.  In  regard  fo  the  civil  assistants  to  whom  you  refer,  it  is 
presumed  that  it  would  be  best  for  them  to  remain,  with  a  view  to  aid  your  successor  in  tho 
discharge  of  his  duties. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

J.  M.  CLAYTON. 

Washington,  November  28,  1849. 
Sir  :  The  letter  addressed  to  you  by  this  department  under  date  of  21st  has  been  detained 
for  the  purposo  of  being  sent  by  the  officer  whom  the  Secretary  of  War  might  appoiut  as  your 
successor.  It  appears,  however,  from  the  communication  of  Mr.  Crawford  of  this  date,  a  copy 
of  which  is  enclosed,  that  the  order  for  your  relief,  which  had  been  requested  of  him,  would  bo 
so  greatly  inconvenient  to  tho  military  service  that  he  deems  himself  constrained  to  deny  the 
request. 

Under  these  circumstances,  it  is  hoped  that  you  will  continue  to  discharge  the  duties  of  com- 
mander to  the  escort  and  chief  astronomer  to  the  commission,  with  the  same  fidelity  and  ability 
by  which  you  have  attained  your  high  professional  and  personal  character. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

J.  M.  CLAYTON. 

Major  W.  H.  Emoby,  Astronomer,  dec,  dc.  » 

It  might  bo  supposed,  after  the  receipt  of  these  letters,  that  the  desperate  condition  in  which 
the  affairs  of  the  boundary  commission  had  been  left,  by  the  neglect  to  supply  it  with  funds, 
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had  at  last  received  the-  attention  of  tho  authorities  at  Washington,  and  that  a  hrightcr  day- 
was  dawning  on  our  work.  Unfortunately  for  us,  just  after  these  letters  were  written,  the  work 
was  transferred  from  the  Department  of  State  to  the  Department  of  tho  Interior,  and  these 
promising  hopes  were  doomed  to  disappointment. 

With  the  organization  ahove  descrihed  depending  chiefly  upon  tho  military  officers  and  escort 
attached  to  the  commission,  I  completed  the  determination  of  the  latitude  and  longitude  of  the 
two  observatories  near  the  extremities  of  the  line,  and  proceeded  to  transfer,  by  triangulation, 
tho  determination  of  Camp  Riley  to  the  initial  point  on  the  Pacific.  Although  this  was 
accomplished  by  a  single  triangle,'  the  longest  side  of  which  was  not  five  miles,  such  was  the 
peculiarity  of  the  atmosphere  rendering  objects  near  the  coast  indistinct,  that  I  was  nearly  two 
months  in  completing  this  work  satisfactorily.  I  had  now  lost  noarly  all  my  assistants,  and 
the  computation  of  the  azimuth  of  the  line  and  the  tracing  of  the  line  on  the  face  of  the  earth 
were  done  with  no  other  aid  than  that  of  Captain  Hardcastle  and  assistant  Gardner  and  the 
infantry  soldiers  of  the  escort.  Lieutenant  Whipple,  with  tho  cavalry  escort,  was  still  at  the 
junction  of  the  Gila  and  Colorado,  faithfully  aided  by  tho  escort  and  assistants  Parry  and 
Ingraham. 

In  tho  mean  time  Colonel  Wcllcr  had  received  official  information  that  he  was  removed,  and 
a  successor,  as  before  stated,  was  named  who  was  to  relievo  him.  His  successor,  however,  never 
appeared,  and  things  remained  in  a  state  of  suspense  until  the  receipt  of  the  following  letter: 

Department  of  the  Interior, 

Washington,  January  8,  1850. 
8r» :  Mr.  John  B.  Wcllcr  having  been  relieved  from  duty,  as  head  of  tho  commission  to 
survey  the  boundary  line  between  the  United  States  and  Mexico,  and  the  direction  of  suid 
commission  having,  therefore,  fallen  temporarily  upou  you,  I  have  to  request  that  tho  persons 
employed  on  the  work  may  be  reduced  to  the  lowest  number  consistent  with  the  proper  though 
economical  management  of  the  business  confided  to  you,  by  the  discharge  of  all  such  as  are  not 
indispensable  to  the  proper  performance  of  tho  work,  and  whose  services  can  therefore  bo  dis- 
pensed with  without  detriment. 

The  number  of  surveyors  ought  not  to  exceed  three  *,  and  in  reducing  the  force  you  will  have 
a  view  to  the  suggestions  of  Col.  Abert  to  Lieut.  Col.  McClelland,  a  copy  of  which  is  enclosed. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

T.  EW1"NG,  Secretary. 

Major  W.  H.  Emory,  San  Diego,  California. 

Upon  tho  faith  of  these  instructions,  emanating,  as  they  did,  from  the  fountain-head  of  the 
authority  of  the  government  of  the  United  States,  I  proceeded  to  reorganizo  tho  commission 
and  make  arrangements  for  the  continuation  of  the  survey  of  the  line,  and  placed  one  efficient 
party  in  the  field,  under  the  charge  of  Capt.  E.  L.  F.  Hardcastle,  and  organized  another  to 
send  by  the  most  expeditious  route  to  the  Paso  del  Norte,  on  tho  Rio  Grande,  at  which  point  it 
was  agreed  by  the  joint  commission  to  meet  in  November  of  the  same  year,  (1850.)  A  schedule 
of  the  reorganization  and  an  application  for^funds,  with  an  urgent  letter  showing  our  necessi- 
ties, were  sent  and  received  by  the  Department  of  tho  Interior,  and  the  following  answer  was 
returned : 
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Dbpabtmekt  op  the  Interior, 

Washington,  April  10,  1850. 
Sir  :  Your  letter  from  San  Diego,  (without  date,)  enclosing  papers  marked  1  to  4,  has  been 
received. 

The  hill  to  supply  deficiencies  of  appropriation  for  the  present  fiscal  year,  containing  an 
appropriation  for  the  boundary  service,  has  passed  the  House  and  is  now  before  the  Senate,  but 
will  not  probably  be  disposed  of  by  that  body  in  time  to  enable  me  to  forward  a  remittance  to 
you  by  the  steamer  which  sails  on  the  13th  instant.  Funds  will  be  sent  to  yon,  however,  by 
the  next  departure  from  New  York. 

Your  views  as  to  the  further  prosecution  of  the  work  are  generally  approved,  but  you  will 
receive  more  speoific  instructions  by  the  next  steamer ;  and  you  will  in  the  mean  time  go  on  as 
you  propose. 

The  monuments  are  in  course  of  preparation,  and  will  be  sent  as  soon  as  practicable. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

T.  EWING,  Secretary. 

Major  W.  H.  Emory,  U.  S.  A.,  San  Diego,  California. 

Here  is  not  only  a  distinct  approval  of  my  proceedings,  but  a  promise  that  funds  should  be 
sent  by  the  next  steamer.  Yet  it  will  challenge  belief  when  I  state  no  money  was  sent,  and 
the  reorganization  was  practically  repudiated  by  the  appointment,  for  the  second  time,  of  a 
commissioner  (Mr.  J.  R.  Bartlett)  to  succeed  Col.  Weller,  and  new  assistants  were  appointed, 
omitting  all  those  appointed  by  mo,  under  the  authority  and  with  the  approbation  of  the 
Secretary  himself. 

To  understand  fully  this  extraordinary  and  inexplicable  proceeding,  and  to  give  a  compre- 
hensive view  of  the  gross  injustice  done  not  only  to  the  individuals,  but  to  the  government,  it 
must  be  borne  in  mind  that  we  were  co-operating  with  a  foreign  government  in  a  great  public 
undertaking,  and  that  the  few  assistants  who  remained,  faithfully  performing  their  duties,  did 
so  at  the  sacrifice  of  going  to  the  mines  of  California,  where  certain  wealth  awaited  all  who 
went  at  that  time. 

Congress  also,  with  a  just  liberality  which  always  characterizes  it  when  legislating  for  those 
who  are  faithfully  performing  their  duty,  had  voted  $50,000  to  pay  the  deficiencies  dne  this 
very  party.  Not  one  cent  of  it  was  paid,  as  Congress  designed,  but  it  was  improperly,  if  not 
illegally,  diverted  from  iU  channel  and  given  to  the  new  commissioner,  who  expended  it  before 
he  got  on  the  ground,  and  incurred  debts  in  addition  far  exceeding  this  buiu.  The  persons  for 
whom  this  money  was  intended,  who  had  honorably  sacrificed  the  certainty  of  private  fortune 
to  a  sense  of  duty,  were  loft  in  the  field  without  pay  and  without  subsistence. 

It  was  hard  to  believe,  and  still  harder  to  comprehend,  that  such  an  act  of  injustice  could  be 
perpetrated  in  a  republican  government.  But  when  the  fact  becamo  undoubted,  and  there  was 
no  longer  hope,  I  called  the  small  party  together,  and  informed  them  that  I  shauld  leave  them 
to  finish  the  line,  as  my  instructions  authorized  me  to  do,  in  charge  of  a  tried  and  faithful 
officer,  Captain  Hardcastle,  and  I  would  go  to  Washington  in  the  first  boat,  to  represent  in 
person  their  situation.  It  was  all  that  could  be  done  in  the  case,  and  nothing  else  could  be 
satisfactory  after  the  clear  breach  of  faith  perpetrated  twice,  and  in  both  instances,  apparently, 
without  the  shadow  of  excuse. 
Vol.  I  2 
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On  reaching  Washington,  I  found  a  change  had  taken  place  in  the  office  of  Secretary  of  the 
Interior,  and  that  the  new  Secretary,  the  Hon.  A.  H.  H.  Stuart,  among  the  first  acts  of  his 
administration,  had  sent  relief  to  my  party.  By  the  aid  of  the  means  then  furnished,  the  work 
was  completed  on  the  Pacific  side,  and  the  party  returned  to  Washington  in  Septemhcr,  1851. 

Before  leaving  the  Pacific  coast,  orders  were  sent  me  to  turn  over  all  the  instruments,  and 
the  persons  to  whom  they  were  turned  over  were  directed  to  take  them  to  El  Paso,  overland, 
hy  way  of  the  junction  of  the  Gila  and  Colorado. 

The  country  to  he  traversed,  as  far  as  then  known,  was  of  the  most  difficult  character,  and 
almost  impassahle  for  wagons.  The  wages  of  teamsters  and  other  laborers  was  $150  per 
month  ;  muleB,  and  all  the  means  of  subsistence,  at  a  proportional  price  ;  and  not  a  wagon  was 
in  the  possession  of  the  boundary  commission.  I  reported  all  these  facts,  and  showed  the 
difficulty  of  complying  with  the  order  if  we  had  funds ;  and,  in  addition  to  the  natural 
obstacles  interposed,  it  was  well  known  there  was  not  a  cent  in  my  hands  ;  yet  in  the  face  of 
my  remonstrances,  the  orders  were  reiterated,  and,  so  far  as  my  efforts  went,  were  faithfully 
executed  ;  but,  as  might  be  supposed,  the  persons  who  were  charged  with  the  performance  of 
this  duty  utterly  failed  to  accomplish  it. 

Foreseeing  this  result,  and  thinking  it  all-important  that  we  should  have  a  party  on  the 
ground  in  time  to  meet  the  commission  at  El  Paso  on  the  first  Monday  in  November,  the  day 
on  which  they  agreed  to  meet,  and  also  that  all  the  topographical  information  might  he 
gained  necessary  to  enable  the  commission  to  come  to  a  proper  decision  on  the  point  to  be 
selected  as  the  initial  point  of  the  boundary  on  the  Bio  Grande,  I  took  the  responsibility  of 
ordering  Lieutenant  Whipple,  with  a  suitable  supply  of  instruments,  to  proceed  to  El  Paso, 
by  the  way  of  Panama  to  New  Orleans,  and  thence  take  the  smooth  road  through  Texas  in 
wagons.  But  for  this,  the  commission  would  have  been  at  El  Paso  without  an  astronomical 
instrument,  and  without  persons  capable  of  using  them,  and  wholly  dependent  upon  the 
Mexican  commission.  A  couple  of  weeks  preceding  my  arrival  from  the  Pacific,  intelligence 
reached  the  department  that  the  affairs  of  the  new  commission  had  fallen  iuto  great  disorder 
at  El  Paso,  and  the  Secretary  of  the  Interior  applied  to  the  Department  of  War  for  me,  by 
name,  to  be  reassigned  to  the  duty  of  astronomer,  &c,  to  the  boundary  ;  but  the  intervention 
of  the  Bureau  of  Topographical  Engineers  caused  another  officer  to  be  named  in  my  place.  I 
was  quite  satisfied  to  have  nothing  more  to  do  with  a  mixed  commission,  governed  by  persons 
wholly  unused  to  public  affairs,  and  ignorant  of  the  first  principles  of  the  scientific  knowledge 
involved  in  the  questions  to  be  determined  by  them  ;  but  in  little  less  than  a  year  from  this 
time,  (September  13,  1851,)  I  was  directed  to  proceed  to  El  Paso  and  resume  my  duties,  by 
taking  charge  of  the  survey  of  the  boundary. 

On  the  15th  I  left  Washington,  and,  after  a  dreary  march  across  the  prairies  and  uplands  of 
Texas,  reached  El  Paso  in  November,  and  resumed  my  duties  in  the  field  on  the  25th  of  that 
month. 

Having  in  view  the  difficulties  of  transportation  over  such  a  vast  extent  of  country,  unin- 
habited by  civilized  races,  and  infested  by  nomadic  tribes  of  savages,  I  recommended,  when  in 
temporary  charge  of  the  commission,  that  the  number  of  civil  employes  and  assistants  on  the 
footing  of  officers  should  be  reduced  to  fifteen.  This  recommendation  was  seemingly  approved, 
yet  on  reaching  the  boundary  commission  I  found  that  this  number  had  been  increased  at  one 
time  to  as  many  as  one  hundred  and  upwards;  and  although  it  had  been  greatly  reduced,  when 
I  reached  the  scene  of  operations  there  were  still  a  great  many,  the  most  of  whom  were  unem- 


Digitized  by  Google 


PERSONAL  ACCOCNT. 


11 


ployed,  aud,  with  the  exception  of  one  or  two,  none  were  fitted  for  the  service  on  which  they 
were  engaged ;  moat  of  them  ignorant  of  the  first  principles  of  surveying,  and  enihroiled  in 
feuds  with  each  other,  and  arrayed  in  hostility  either  to  the  commissioner  or  to  the  head  of  the 
scientific  corps. 

The  commissioner  was  absent  on  an  expedition  into  Sonora,  the  commission  was  in  debt, 
and  not  one  cent  was  at  my  disposal,  to  prosecute  the  survey.  Beyond  running  an  erroneous 
line  a  degree  and  a  half  west  of  the  del  Norte,  and  starting  a  party,  with  limited  means,  under 
Lieutenant  Whipple,  to  survey  the  Gila,  and  another  to  survey  the  Rio  del  Norte  from  the 
point  established  by  the  commissioner,  nothing  had  been  done. 

The  situation  was  one  of  extreme  embarrassment;  but  finding  officers  and  men  sufficient  who 
were  willing  to  undertake  the  work  upon  credit,  I  immediately  established  an  observatory  at 
Frontcra,  one  at  San  Elceario,  and  another  at  Eagle  Pass,  and  placed  two  surveying  parties  in 
the  field  in  addition  to  those  already  out.  In  carrying  out  this  design  I  was  much  aided  by 
Mr.  Magoffin,  an  influential  and  wealthy  citizen  residing  near  El  Paso,  with  whom  I  bad  made 
the  campaign  in  1846,  which  resulted  in  the  conquest  of  that  country. 

Clear  and  distinct  representations  were  made  of  the  condition  of  things  to  the  Department  of 
the  Interior,  and  recommendations  made  to  reduce  and  re-organize  the  commission  which  had 
been  formed  by  the  preceding  administration  on  a  scale  preposterous  in  magnitude  and  absurd 
in  principle.  It  was  oppressed  with  a  multitude  of  officers,  quartermasters,  commissaries, 
paymasters,  agents,  secretaries,  sub-secretaries — all  officers  wholly  unknown  to  any  well  regu- 
lated surveying  corps,  and  worse  than  useless  by  the  conflict  of  authority  which  these  officers 
engendered,  and  the  enormous  expense  which  the  payment  of  their  salaries  and  personal  expenses 
entailed  on  the  commission. 

The  sum  of  five  hundred  thousand  dollars  had  been  expended,  and  I  can  safely  say  that  not 
more  than  one  hundred  thousand  had  been  appropriately  used  in  running  and  marking  the 
boundary  up  to  that  time,  and  all  the  work  that  could  bo  said  to  be  fairly  accomplished  was 
that  done  by  the  first  commission — the  completion  of  the  line  from  the  initial  point  on  the 
Pacific  to  the  junction  of  the  Gila  and  Colorado  rivers. 

At  the  same  time  that  I  wrote  a  full  account  to  the  Department  of  the  Interior  of  the  con- 
dition of  affairs  in  the  field,  and  urged  the  necessity  of  immediate  re-organization  and  reliof  in 
money,  I  despatched  a  special  messenger,  Mr.  Edward  Ingraham,  with  thirteen  rifles,  through 
the  Indian  country,  in  the  direction  of  the  Pimo  villages  on  the  Gila,  to  see  if  any  intelligence 
could  he  had  of  the  commissioner,  with  a  letter  to  him  representing  in  urgent  terms  the  neces- 
sity for  immediate  aid.  I  entertained  the  reasonable  expectation  that  from  one  or  the  other 
of  these  sources  help  would  be  obtained  ;  and  so  believing,  I  did  not  hesitate  to  make  all  the 
necessary  purchases  to  prosecute  the  work. 

Although  the  Rio  Bravo,  from  El  Paso  to  its  mouth,  has  been  frequently  mapped,  it  will 
surprise  many  to  know,  that  up  to  the  time  when  I  commenced  the  survey,  by  far  the  largest 
portion  of  it  had  never  been  traversed  by  civilized  man.  This  surprise  will,  however,  cease 
when  the  reader  reaches  that  part  of  the  report  which  treats  of  the  physical  geography  of  the 
country,  and  his  eye  rests  on  the  sketches  by  which  it  is  illustrated.  He  will  then  see  the 
impassable  character  of  the  river ;  walled  in  at  places  by  stupendous  rocky  barriers,  and  esca- 
ping through  chasms  blocked  up  by  huge  rocks  that  have  fallen  from  impending  heights,  where, 
if  the  traveller  should  chance  to  be  caught  in  a  freshet,  inevitable  destruction  would  be  the 
consequence. 
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The  plan  adopted  for  the  survey  was  to  touch  the  river  at  convenient  intervals,  accessible  to 
wagons,  determine  those  points  astronomically,  establish  depots  for  the  surveying  parties,  and 
connect  the  intervening  spaces  by  lineal  survey.  I  attended  in  person  to  the  astronomical  work 
and  the  establishment  of  the  depots.  Lieutenant  Michlcr,  and  assistants  Von  Hippel  and 
Chandler,  were  placed  in  charge  of  the  three  surveyiug  parties,  and  to  their  able  assistance 
I  am  much  indebted  for  the  successful  execution  of  the  plan. 

It  would  subserve  no  useful  purpose  to  recite  the  difficulties  which  we  encountered  in  the  pro- 
secution pf  this  work.  Superadded  to  the  physical  obstacles  to  be  overcome,  the  men  became 
almost  insubordinate  from  the  long  absence  of  the  commissioner  from  the  work,  and  his  unpar- 
donable neglect  to  furnish  money  for  their  payment.  Some  of  them  had  not  received  any  pay 
for  eighteen  months,  and  the  commissioner  was  at  that  moment,  with  an  equipage  and  corps  of 
attendants,  visiting  the  States  of  Chihuahua  and  Sonora,  and  the  Geysers  of  California— places 
sufficiently  distant  from  the  line. 

When  at  Presidio  del  Norte,  about  one-third  of  the  way  down  the  river,  the  men,  disgusted 
with  long-deferred  "promises  to  pay,"  became  very  mutinous;  and  on  one  occasion,  I  was 
obliged  to  put  down  a  riot  in  my  camp,  single-handed,  and  at  the  risk  of  being  shot  by  an 
insubordinate  fellow,  insane  from  the  effects  of  the  intoxicating  mczcal.  Shortly  after,  a  whole 
party  rebelled  and  refused  to  proceed  further.  Fortunately,  at  this  moment  I  received,  by  an 
express  sent  out  to  intercept  the  mail  from  San  Antonio  to  El  Paso,  an  order  from  the  Secretary 
of  the  Interior,  authorizing  me  to  draw  on  the  department  for  a  limited  amount  of  funds.  At 
this  time,  there  was  passing  from  Chihuahua  to  San  Antonio  a  return  merchant  train  with 
$5,000  in  specie,  which  I  obtained  and  turned  over  to  the  person  acting  as  disbursing  agent. 
With  this  snm  I  was  enabled  to  pay  off  a  portion  of  the  men,  and  discharge  the  disaffected. 

It  was  not  until  late  in  the  fall  of  1852  that  we  reached  Eagle  Pass  (Fort  Duncan)  with  the 
survey,  having  oncountcred  no  disaster,  except  the  suspension  of  the  work  of  Mr.  Chandler's 
party,  which  was  wrecked  in  the  Canon  of  the  Rio  Bravo,  one  hundred  and  twenty  miles  above 
the  mouth  of  the  Pecos.  In  the  mean  time,  Mr.  Michler's  party  had  carried  the  survey  from 
.the  mouth  of  the  Pecos  to  Lorcdo. 

At  this  stage  of  the  work,  just  one  year  after  my  return  to  it,  I  received  the  first  letter  or 
notice  of  the  commissioner,  who  sent  me  a  check  for  twelve  thousand  dollars,  which  was  handed 
over  to  Mr.  Tansill,  the  disbursing  agent,  who,  before  he  completed  the  negotiation  of  the  note, 
received  notice  that  it  was  dishonored.  The  work  was,  at  the  same  time,  inconvenienced  by  our 
receiving  intelligence  that  the  check  for  five  thousand  dollars  was  repudiated  at  Washington, 
which  I  had  drawn  upon  the  faith  of  the  written  order  of  the  Secretary  of  the  Interior,  and 
which  had  been  cashed  by  an  unsuspecting  and  honest  American  merchant. 

I  considered  that  any  attempt  to  push  the  work  further,  under  the  circumstances,  was  not 
called  tor  on  my  part.  The  following  letters  were  addressed  to  the  commissioner,  and  all  work 
was  suspended  except  that  of  myself  and  personal  assistants  : 


Sir  :  I  received  your  two  checks — one  for  $12,000,  the  other  for  $8,000.  The  merchants  here 
refused  to  cash  them,  alleging  that  similar  drafts  had  been  protested  in  Washington. 

Unfortunately,  a  few  days  afterwards,  notification  was  served  on  me,  through  one  of  the 
leading  houses  here,  that  a  small  draft  drawn  by  me,  under  the  authority  of  the  Secretary  of  the 


Camp  hbar  Fort  Duscan,  October  30,  1852. 


PERSONAL  ACCOUNT. 


13 


Interior,  at  Presidio  del  Norte,  and  without  which  the  work  would  have  heen  suspended  at  that 
point,  had  also  been  protested. 

The  protest  was  dated  after  the  deficiency  bill  and  the  appropriation  bill  had  become  laws  of 
the  land.  This  settled  the  business.  I  had  before  this  sent  an  agent  to  San  Antonio  to  see  what 
could  be  done,  and  unofficial  advices  are  this  day  received,  informing  me  the  largest  draft  has 
fallen  into  hands  of  persons  having,  I  know,  large  and  just  claims  against  the  commission  ;  so 
the  whole  object  of  my  requisition,  which  was  to  have  twenty  thousand  dollars  here  in  cash  to 
discharge  and  reorganize  parties  concentrating  on  this  point,  is  defeated. 

I  made  the  requisition  for  that  limited  amount,  supposing  you,  of  course,  would  follow  on  im- 
mediately and  join  me  here.  Under  these  circumstances,  seeing  the  work  about  to  be  suspended 
and  myself  placed  in  so  false  a  position,  I  immediately,  on  the  receipt  of  the  notification  that 
my  draft  was  repudiated  in  Washington,  despatched  Lieutenant  Michler  to  ascertain  the  cause, 
and  correct,  if  possible,  the  delinquencies. 

I  have  now  been  one  year  on  this  work  without  receiving  a  dollar  from  you,  and  have  been 
obliged  to  sustain  it  by  a  system  of  credits,  promises  and  threats,  wholly  unknown  to  our 
government.  Considering  the  munificent  appropriations  made  by  Congress,  I  cannot  think 
the  survey  has  received  anything  like  its  just  proportion  of  the  funds. 

I  received  by  mail  your  letter  informing  me  you  could  not  keep  your  engagement  to  meet  me 
at  this  place ;  in  consequence  of  which  I  have  this  day  made  a  requisition  for  funds  directly  on 
the  Department  of  the  Interior,  to  prevent,  if  possible,  a  suspension  of  the  work,  and  the 
scenes  of  disorder  that  must  ensue  if  the  parties  collecting  here  are  detained  for  want  of  mean  a 
to  send  them  on  or  discharge  them. 

I  regret  to  learn  by  your  letter  that  you  have  taken  Mr.  Badziminski  and  assistants  with 
you,  as  two  opportunities  presented  themselves  since  your  arrival,  and  that  of  Mr.  Whipple, 
at  El  Paso,  by  either  of  which  he  and  his  party  could  have  joined  us  with  ease  and  safety. 

I  regret  to  learn,  also,  from  Lieutenant  Whipple,  that  you  have  not  seen  proper  to  furnish 
him  with  funds.  I  understood  your  letter  as  agreeing  to  my  proposition  that  it  was  necessary 
to  famish  with  funds  each  chief  of  party. 

So  many  and  so  complicated  have  become  the  difficulties  growing  out  of  the  long  continued 
absence  of  yourself,  in  whom  rest  all  the  moneyed  powers  of  the  commission,  that  I  would,  to 
obviate  them  and  other  difficulties,  leave  my  work  and  go  to  any  point  to  meet  yon  ;  but  your 
letter  is  indefinite  both  as  to  time  and  place  of  meeting,  and,  for  the  present,  I  content 
myself  with  sending  this  to  the  place  you  name  as  the  most  probable  to  meet  you— Camargo, 
or  rather  Ringgold  barracks,  the  American  post  opposite. 

My  estimate  for  the  year  1852  was  $90,000  ;  not  a  cent  too  much,  though  many  of  the  items 
in  that  estimate  would,  from  my  increased  experience,  now  be  changed.  This  estimate  was 
made  at  El  Paso  in  duplicate,  accompanied  by  letter.  One  copy  was  directed  to  you  at,  I 
think,  San  Diego,  and  the  other  copy  was  directed  to  you  through  the  Department  of  the 
Interior.  If  you  were  not  in  place  to  receive  it,  that  is  no  fault  of  mine,  and  surely  can  never 
be  used  as  a  reason  for  the  distressing  and  unusual  condition  in  which  I  am  placed,  both 
personally  and  officially,  by  tho  total  failure  to  keep  the  working  people  of  this  commission 
supplied  with  a  portion  of  the  munificent  funds  voted  by  Congress  for  this  work.* 


•  For  a  •tatemcot  of  all  the  money  voted  by  Congioae  for  thia  iurvey,  tea  ttatemrat  at  tho  cad  of  this  chapter. 
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At  El  Paso,  to  avoid  stopping  the  work,  and  to  relieve  tho  immediate  necessities  of  indivi- 
dual, I  certified  to  the  correctness  of  accounts,  and  the  individuals  sold  them  to  shavers  and 


This  necessity  should  never  occur  in  government  work,  as  it  leads  to  speculation,  and  is 
injurious  to  tho  credit  of  the  government. 

Should  this  meet  you,  I  desire  you  will  send  me,  with  as  little  delay  aa  possible,  twenty 
thousand  dollars  in  cash,  and  cause  thirty  thousand  to  be  placed  to  my  credit  either  in  New 
Orleans  or  at  Fort  Brown.  Should  you  do  so,  the  requisition  on  tho  government,  if  complied 
with,  will  not  be  used. 

1  am,  sir,  very  respectfully,  your  obedient  servant, 

W.  H.  EMORY. 

John  R.  Bartxett,  Esq., 

United  States  Commissioner. 

Ringgold  Barracks,  December  20,  1852. 

Sir  :  The  drafts  drawn  by  me,  under  authority  of  the  Secretary  of  the  Interior,  and  the  drafts 
sent  mo  by  you  from  El  Paso,  were  all  protested.  Notice  of  this,  and  other  circumstances 
beyond  my  control,  caused  me,  in  effect,  to  stop  operations  about  the  5th  of  November,  since 
which  time  I  have  been,  as  directed  by  the  Secretary,  awaiting  your  arrival ;  so  that  we  have, 
in  fact,  been  at  work  one  year,  without  receiving  a  dollar  from  the  government ;  and  many  of 
the  employes  have  not  been  paid  for  a  much  longer  time.  As  stated  to  you  in  conversation,  at 
Presidio  del  Norte,  a  panic  seised  a  large  number  of  the  men — first,  with  the  idea  that  they 
never  were  to  be  paid,  and,  second,  with  a  fear  of  the  Indians. 

Being  in  a  country  wholly  remote  from  any  aid,  I  found  it  absolutely  necessary  to  keep  the 
men  in  service ;  and  upon  the  faith  of  orders  from  the  department,  and  the  expectation  of  soon 
meeting  you,  I  promised  they  should  be  paid  and  discharged  at  Fort  Duncan.  I  desire  now  to 
take  the  only  remaining  step  left  to  enable  me  to  redeem  that  pledge,  and  to  request,  if  there 
is  a  dollar  left,  it  may  be  distributed  among  these  men. 

Enclosed  is  a  list  of  officers  and  men  in  the  service,  and  the  amounts  due  to  each  up  to 
November  20,  1852.   Subsequent  revision  of  the  accounts  may  show  a  slight  alteration. 

The  total  amount  of  this  list  is   $16,439 

The  pay,  &c,  up  to  this  time  will  bo,  in  addition   7,000 

To  which  is  to  be  added  a  check  for  $12,000  drawn  by  you  in  my 
favor,  and  turned  over  to  T.  W.  Tansill,  quartermaster  of  the 
boundary  commission,  accepted  by  Messrs.  Lewis  &  Groesbeck, 
expended  in  drafts  by  Mr.  Tansill,  and  subsequently  repudiated  by 

Messrs.  Lewis  &  Groesbeck   12,000 

There  is  also  due,  chiefly  in  San  Antonio,  about  $8,000,  the  amount 
of  the  drafts  drawn  by  me,  under  the  authority  of  the  Secretary, 

  8,000 

43,439 
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I  think  it  unnecessary  to  make  a  requisition  on  you  for  a  farther  prosecution  of  the  work 
until  the  above  demands  are  satisfied. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

W.  H.  EMORY, 
Bt.  Maj.  U.  8.  A.,  Chief  Mtroruner  Survey  B.  C. 
J.  R.  Baktlrtt,  Esq.,  U.  8.  Commimoner. 

After  making  the  best  arrangements  I  could  to  satisfy  the  various  demands  of  the  men  and 
other  creditors  of  the  commission,  I  repaired  to  Ringgold  barracks,  where  it  was  reported  the 
commissioner  would  strike  the  boundary  on  his  return  trip  from  Mexico.  There  I  awaited  his 
arrival,  occupying  my  time  by  establishing  an  observatory,  to  be  used  in  the  event  of  the 
resumption  of  the  work. 

On  the  20th  of  December  the  commissioner  arrived ;  and  finding  that  no  security  could  be 
given  for  the  payment  of  the  debts  already  contracted,  or  for  those  necessary  to  be  contracted 
in  the  future  prosecution  of  the  work,  I  did  not  hesitate  to  avail  myself  of  the  authority  granted 
by  the  Secretary  to  suspend  the  work  of  the  survey  of  the  river.  A  resolution  of  Congress  had 
already  suspended  the  survey  west  of  the  river. 

After  turning  over  all  the  property  and  papers  of  the  commission,  except  the  instruments 
and  notes  of  the  Burvey,  I  repaired  to  Washington  city,  and  commenced  the  computation  of  the 
field-work  as  far  as  it  had  been  completed. 

In  the  month  of  March,  1853,  Congress  appropriated  a  sum  of  money  to  complete  the  survey 
of  so  much  of  the  Rio  Bravo  as  constituted  the  boundary,  and  to  prosecute  the  office-work  of  the 
survey.  The  commission  was  immediately  reduced  and  reorganised.  A  new  commissioner 
(being  the  fourth)  was  appointed. 

The  parties  were  organized  by  me,  and  placed  in  the  field  in  less  than  a  month  ;  and  by  the 
middle  of  December,  1853,  all  the  field-work  was  completed  within  the  time  and  for  a  less 
amount  than  had  been  estimated. 

The  following  is  the  organization  under  which  the  work  of  the  old  boundary  was  concluded : 


Lieut.  Michler,  corps  Topographical  Engineers,  in  charge  of  surveying  party. 
E.  A.  Phillips,  assistant. 
Ed.  Ingraham,  do. 

Chas.  Radziminski,  in  charge  of  surveying  party. 

Thos.  W.  Jones,  assistant. 

Jas.  H.  Houston,  do. 

Arthur  Schott,  in  charge  of  surveying  party. 

M.  Scaton,  assistant. 

J.  E.  Weiss,  do. 

Capt.  George  Thorn,  corps  Topographical  Engineers,  was  left  in  charge  of  the  office-work, 
assisted  by  assistants  Chandler,  Herbst,  Thorn,  Wheaton,  and  O'Donoghue. 


Robt.  6.  Campbell,  D.  8.  commissioner. 

Lucius  Campbell,  secretary. 

W.  H.  Emory,  chief  astronomer  and  surveyor. 

G.  C.  Gardner,  assistant. 

J.  H.  Clark,  do. 
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The  collation  of  the  geological  work  was  left  in  charge  of  Drs.  Hall  and  Parry;  that  of  the 
zoological,  in  charge  of  Prof.  Baird  ;  and  the  botanical,  in  charge  of  Prof.  Torrcy. 

Lient.  Michlcr  was  assigned  to  the  unfinished  work  above  Eagle  Pass,  Schott  to  the  survey 
from  Laredo  to  Ringgold  barracks,  and  assistant  Radziminski  to  the  survey  from  Ringgold 
barracks  to  the  month  of  tho  Rio  Bravo  ;  whilst  I,  with  assistants  Gardner  and  Clark, 
determined  astronomically  the  points  along  the  boundary,  intended  as  checkB  upon  the  accuracy 
of  the  surveys. 

Before  the  completion  of  the  work,  the  yellow  fever  made  its  appearance,  and  myself  and 
several  of  the  assistants  were  attacked — some  on  the  line,  and  ot'ners  after  leaving  it  and 
reaching  the  northern  shores  of  the  Gulf  of  Mexico,  where  this  disease  raged  with  unusual 
violence. 

No  serious  inconvenience  was  experienced,  however,  in  the  prosecution  of  the  work,  from  this 
cause,  and  nothing  happened  to  interrupt  the  harmonious  and  rapid  execution  of  the  field 
work,  but  the  melancholy  loss  of  assistant  Thomas  Walter  Jones,  who  was  drowned  in  the 
Rio  Bravo  by  the  upsetting  of  a  skiff,  in  which  he  was  returning  to  camp  from  his  labors  in 
the  field,  on  the  evening  of  23d  July,  1853.  His  body  was  found  two  days  after,  a  few  miles 
down  the  stream,  and  was  buried  by  his  afflicted  companions  at  the  rancheria  of  Dr.  Merryman, 
on  the  banks  of  the  Rio  Bravo. 

This  ends  the  narrative  of  the  operations  in  the  field  of  the  various  commissions  organized 
under  the  treaty  of  Guadalupe  Hidalgo. 

It  is  proper  for  me,  however,  before  closing  this  chapter,  to  refer  to  a  publication  issued  by 
Mr.  J.  R.  Bartlett,  one  of  the  late  commissioners  on  tho  part  of  tho  United  Stutes,  which 
professes  to  give  an  accurate  account  of  tho  affairs  of  the  commission.  It  is  not  my  purpose 
to  review  that  work,  and  expose  its  errors,  but  simply  to  correct  some  statements  affecting 
myself. 

Mr.  Bartlett's  principal  achievement  on  the  boundary  was  the  agreement  with  General 
Conde,  the  Mexican  commissioner,  fixing  the  initial  point  on  the  Rio  Bravo,  in  the  parallel 
of  32°  2?,  instead  of  a  point  as  laid  down  on  the  treaty  map  about  eight  miles  above  El  Paso, 
which  would  have  brought  it  to  the  parallel  of  31°  62'.  That  agreement  is  no  less  remark- 
able than  the  adroitness  and  success  with  which  Mr.  Bartlett  convinced  the  authorities  at 
Washington  of  its  correctness. 

The  question  has  been  so  thoroughly  discussed,  that  a  reproduction  of  it  here  is  not  called  for. 
It  is  sufficient  to  say,  that  it  was  disapproved  by  the  astronomer  and  surveyor  on  the  commission 
at  the  time,  and  was  finally  repudiated  by  the  government.  Mr.  Bartlett,  in  his  account  of 
the  matter,  states  I  was  ordered  to  sign  the  map  of  his  initial  point,  and  that  I  did  sign  it. 
But  ho  does  not  state  what  was  the  purport  or  meaning  of  my  signature,  nor  does  he  give  my 
letter  which  reported  the  circumstances  to  the  government ;  but  only  an  extract  of  that  letter, 
selecting  paragraphs  of  it  to  suit  his  own  views.  I  here  supply  the  deficiency  by  giving  the 
letter  in  full,  and  the  agreement  signed  by  myself  and  Mr.  Salazar,  the  Mexican  commissioner, 
who  succeeded  General  Conde.  It  will  be  seen  that  the  Secretary  of  the  Interior  took  tho 
responsibility  of  making  the  action  of  the  two  commissioners  final,  thereby  rendering  tho  joint 
commission  authorized  by  the  treaty,  a8  I  understood  it,  a  nullity.  In  view  of  such  an  interpre- 
tation, my  signature  as  surveyor  was  only  required,  as  alleged,  to  perfect  the  official  documents; 
the  words  of  the  order  were,  "  You  vnll  sign  the  map  of  the  initial  point  agreed  upon  by  the  lico 
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By  reference  to  the  treaty  it  will  be  seen  that  any  agreement  of  the  kind  required  the  action 
of  the  joint  commission,  and  that  the  joint  commission  was  to  be  composed,  not  only  of  the  two 
commissioners,  hut  of  the  two  surveyors  also. 

I  refused  to  recognise  the  act  as  that  of  the  joint  commission,  and  signed  the  map  as  the 
order  directed,  carefully  and  studiously  attaching  a  certificate  that  it  was  the  initial  point  of 
the  two  commissioners ;  and  to  prevent  the  possibility  of  misconstruction,  an  agreement  in 
writing  was  entered  into  with  Mr.  Salazar,  and  our  signatures  attested  by  witnesses,  showing 
that  the  map  was  only  that  of  the  boundary  agreed  upon  by  the  two  commissioners,  aud 
nothing  else. 

This  course,  while  it  permitted  me  to  obey  a  specific  order  in  writing  from  a  superior,  left  tho 
government  free  to  act,  and  repudiate  the  agreement  by  the  two  commissioners,  as  it  subse- 
quently did. 

It  is  evident  that  any  other  course  would  have  resulted  in  committing  the  government,  irre- 
trievably, to  an  erroneous  determination  of  our  southern  boundary.  It  is  but  just,  however, 
to  Mr.  Bartlett,  to  state,  that  so  far  as  the  facility  for  a  route  for  a  railway  to  the  Pacific  was 
considered,  the  lino  agreed  to  by  him  was  no  worse  than  that  claimed  by  his  adversaries.  My 
own  reports,  based  upon  previous  explorations,  had  presented  tho  whole  case  very  clearly  to 
view.  Yet  these  reports  were  overlooked,  and  it  was  ignorantly  represented  that  while  Mr. 
Bartlett' 8  line  lost  the  routo  for  the  railway,  the  other  lino  secured  it.  I  will  not  hero  fatigue 
the  reader  by  a  topographical  description  of  the  country,  showing  where  the  obstacles  to  a  rail- 
way route  exist ;  but  he  will  see  by  a  glance  at  the  map,  that  the  practicable  routo  so  adjudged 
by  myself,  and  by  other  officers  who  retraced  my  steps  and  re-surveyed  this  country,  is  to  tho 
south  of  both  these  lines  of  boundary  claimed  under  the  treaty  of  Guadalupe  Hidalgo. 

In  this  same  book,  Mr.  Bartlett  claims  to  have  produced  the  first  correct  map  of  the  Gila. 
He  labors  to  place  himself  on  tho  footing  of  an  explorer  of  a  new  country,  and  only  mentions 
previons  explorers  of  that  river  to  repudiate  them. 

On  page  192,  volume  II,  Mr.  Bartlett,  in  his  personal  narrative,  says :  "  It  is  also  proper  to 
state,  that  Lieutenant  Whipple  and  Mr.  Gray  found  tho  bend  of  the  river  to  bo  much  greater 
than  is  laid  down  by  Major  Emory  on  his  map."  It  would  have  been  no  more  than  truth 
required,  for  Mr.  Bartlett  to  have  stated,  what  I  expressly  state  in  my  printed  memoir  accom- 
panying this  map,  that  I  did  not  explore  this  bend,  but  laid  it  down  from  conjecture.  It  is  a 
small  affair,  subtended  by  a  chord  of  thirty  or  forty  miles.  I  passed  over  the  chord,  and  not  tho 
bend,  and  so  stated. 

The  survey  of  that  bend  is  given  in  the  map  of  this  report,  and  it  will  be  seen  it  differs  from 
that  laid  down  by  Mr.  Bartlett  as  the  first  correct  map  of  the  Gila.  A  comparison  of  his  map 
with  that  published  by  me  in  1846  will  show  that,  with  tho  exception  of  this  bend,  which  he 
has  laid  down  erroneously,  he  has  copied  literally  my  map  of  1846,  even  those  parts  laid  down 
conjectu  rally. 

The  reconnoissancc  of  the  Gila  made  by  me  in  184 C  was  under  adverse  circumstances,  made, 
I  may  say,  in  the  face  of  the  enemy  ;  yet  it  has  stood  the  test  of  re-survey,  and  Mr.  Bartlett  has 
added  to  the  injustice  of  attempting  to  depreciate  my  laborB,  the  meanness  of  appropriating  them. 

On  the  Bame  pago,  and  in  tho  same  spirit,  Mr.  Bartlett  says:  "Mr.  Gray,  in  his  official 
letter  to  the  Secretary  of  the  Interior,  from  San  Diego,  says  that  many  errors  of  others  who 
have  been  along  this  river,  in  astronomical  olwcrvations,  were  corrected  by  Lieutenant  Whipple." 

As  I  am  the  only  person  who  ever  made  an  astronomical  observation  ou  the  Gila,  previous  to 
Vol.  I  3 
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my  sending  Lieutenant  Whipple  there,  who  was  one  of  my  assistants  on  the  boundary,  I  am 
the  person  referral  to. 

The  points  selected  by  him,  and  those  selected  by  me  in  1846,  are  not  identical,  and  no  survey 
connected  them;  they  therefore,  as  a  general  rule,  cannot  be  compared  directly  with  each  other. 
Fortunately,  however,  the  only  point  determined  elaborately  by  Mr.  Whipple  can  be  placed  in 
direct  comparison  with  my  reconnoissance  in  1846.  By  reference  to  my  journal,  published  by 
Congress  in  1847,  it  will  be  seen  I  observed  with  the  sextant,  in  1846,  at  a  camp  about  one 
mile  and  a  half  south  of  the  junction  of  the  Gila  and  Colorado,  and  obtained  for  the — 

Latitude  of  the  camp   32°  44'  09" 

Longitude  west  of  Greenwich   7k  38"  28'.6 

Lieutenant  Whipple,  under  my  orders,  determined  the  junction  with  a  36-inch  transit,  and,  a 
46-inch  zenith  telescope,  to  be  in— 

Latitude   32°  43'  32".3 

Longitude   7"  38"  1 1\8 

Upon  this  determination  of  Lieutenant  Whipple's  being  recomputed  by  Professor  Ilubbard 
and  myself,  introducing  the  new  element  of  the  corresponding  observations  at  Greenwich,  fur- 
nished by  Professor  Airy,  wo  obtained— 

For  latitude   32°  43'  23".3 

For  longitude   7'  38"  24'.27 

Now,  if  wo  make  allowance  for  this  mile  and  a  half,  which  was  not  accurately  measured,  wo 
find  a  coincidence  in  the  two  results  truly  remarkable,  considering  that  I  used,  in  1846,  only  a 
reconnoitring  instrument,  a  small  Gambey  sextant. 

The  above  will  show  that  Mr.  Bartlett  had  no  authority,  in  fact,  for  what  he  states ;  and  to 
show,  further,  that  he  has  given  currency  to  an  insinuation  neither  justified  by  facte  nor  by  re- 
liable information  within  his  reach,  I  give  the  following  letter  of  Lieutenant  Whipple,  who 
made  the  ro-survey  of  the  Gila,  and  who  is  the  only  person  from  whom  Mr.  Bartlett  could  derive 
his  information : 


,  Junt  13,  1S53. 

Pius  8m:  Your  note  of  this  date  communicates  a  paragraph  from  "Bartlctt's  Personal  Narrative,"  stating  that  Mr. 
Gray,  in  his  official  letter  to  the  Secretary  of  the  Interior,  from  Kan  IXego,  relating  to  the  survey  of  the  Gila,  says,  "that 
many  errors  of  others  who  have  been  along  this  river,  in  astronomical  observations,  were  corrected  by  Lieut.  Whipple." 
If  the  al>ovc  was  Intended,  as  you  Infer,  to  throw  discredit  on  your  astronomical  laWrs  In  1816,  I  do  not  hesitate  to 
ncc  it  unjust.    During  tit  pngrm  tf  tht  wrtvy  and  aftenranb,  I  freely  expressed  my  admiration  of  the  general  prc- 
i  with  which  the  Gila  had  been  laid  down  u|«n  the  map  from  your  astronomksl  observations. 

1  am,  very  respectfully,  your  obedient  servant, 

A.  W.  WI1IPPI.K. 

CA»r-  xeau  FonT  Uvncas,  iktnbrr  1,  l.«5J. 

8i»  :  I  hare  the  honor  to  acknowledge  thin  day  the  receipt  of  your  letter  enclosing  me  the  commission  of  United  Stales 
surveyor,  for  running  and  marking  the  line  between  the  l  ulled  States  and  the  republic  of  Mexico. 

Your  letter  enclosing  the  appointment  was  handed  me  on  the  30th  of  January  at  &mi»luro»,  In  Mexico,  together  with  a 
letter  of  instructions,  and  a  copy  of  instructions  to  the  commissioner,  dated  November  4,  denning  the  duties  of  the  sur- 
veyor, and  directing  mc  to  be  governed  accordingly. 

1  have  been  hoping  from  that  day  to  this  to  liave  mi  Interview  with  the  United  States  commwaioncr,  but  have  not,  in 
consequence  of  his  nliectKc,  nor  have  I  rvevived  any  communication  from  him  whatever,  until  the  day  on  which  I  brake  up 
my  camp  at  the  Presidio  del  Norte,  August  20.  1  received  by  express  a  letter  from  him,  n  copy  of  which  is  herewith  en- 
closed, by  which  it  wUl  be  seen  he  arrived  at  El  Paw  on  the  10th  of  August,  and  proposed  to  meet  ni«  at  thin  place. 
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There  are  several  points  to  these  Imtmctioni,  based,  an  I  hare  reason  to  believe,  upon  erroneous  Information  conveyed 
to  the  Secretory  ;  and  as  I  believe  the  commissioner  to  whom  they  refer  as  directly  as  to  myself  wilt  concur  with  me  in 
the  recommendation  I  desigu  making,  I  have,  for  obvious  reasons,  defemd  making  them  until  his  arrival,  and  shall  defer 
doing  so  with  the  hnpe  of  at  length  meeting  him.  In  the  mean  time  I  have  pushed  the  survey  with  unceasing  diligenco 
and  economy ;  and  many  subject*  now  press  so  closely,  that  it  is  necessary  for  me  to  communicate  directly  with  the  Be  ere- 
tory,  aad  no  longer  await  the  arrival  of  the  commissioner. 

I  have  carried  the  surrey  down  as  fur  as  Laredo,  with  the  exception  of  a  small  space  still  to  be  covered  between  the 
great  Chiso  Caaou  and  tlie  Rio  San  Pedro.  On  this  portion  two  parties  are  now  operating.  Ono  was  disbanded  and  reor- 
ganised by  me  in  consequence  of  a  panic  which  seised  it  in  regard  to  the  Indians ;  and  the  other  has  within  these  last 
few  days  been  surrounded  by  Indians,  forced  to  abandon  the  survey,  retire  to  the  hills,  and  send  in  for  aid. 

To  tho  first  I  was  obliged  to  give  the  entire  escort,  and  pass  through  the  infested  country  myself  without  a  soldier  ;  to 
the  last  I  gave  all  the  spare  men  I  had  ;  and  it  was  also  furnished,  at  my  request,  by  Major  LamoUe,  commanding  at  las 
Moras,  with  five  iniantry  soldiers.  This  region  is  the  thoroughfare  for  all  the  bad  Indians  on  the  frontiers.  I  have  passed 
through  it  myself  without  damage,  and  I  hope  the  two  parties  will  do  the  same ;  but  enough  has  happened  to  justify  me 
in  having  in  previous  communications  so  often  urged  the  necessity  of  additional  escort,  and  I  hare  now  respectfully  to  re- 
quest that  the  Secretary  will  apply  to  the  War  Department  (o  fumish  a  company  of  soldiers  to  escort  either  of  these  parties 
should  they  be  again  driven  back  ;  below  here  no  escort  will  be  required. 

The  parties  have  euch  been  so  well  reinforced,  I  do  not  beUevo  cither  of  them  will  have  any  further  trouble,  for  all  work 
bravely  and  cheerfully ;  but  if  they  should,  it  would  cause  much  delay  unless  a  company  of  soldiers  is  held  in  hand  to  send  them. 

On  my  reaching  the  ground  to  take  charge  of  the  survey,  November,  1851,  I  found  that  Mr.  Bartlett  and  the  acting  sur- 
veyor had  agreed  upon  the  initial  point,  32°  22',  and  that  a  groat  atone  monument  had  been  erected  marking  the  point, 
and  having  the  usual  inscriptions,  and  the  names  of  the  American  and  Mexican  conmimilonera,  astronomer*,  and  surveyors  ; 
and  Mr.  Salasar  Informed  me  this  had  been  hastened  at  the  urgent  request  of  the  American  astronomer  and  surveyor. 

I  also  found  that  articles  of  agreement,  based  upon  the  letters  of  instruction  from  the  commissioner  to  Col.  Graham,  my 
EMccf*fiftor  and  predecessor  as  chief  astronomer,  had  been  entered  into  with  Mr.  Salasar  for  tho  survey  of  the  boundary,  and 
the  survey  had  been  commenced  at  tho  initial  point,  32°  »2\  by  Col.  Graham. 

On  tho  30th  January,  1852,  while  on  my  route  west  of  El  Paso,  in  pursuit  of  tho  commissioner,  I  received  unexpectedly, 
and  certainly  unsolicited,  tho  letter  of  appointment  as  United  States  surveyor,  and  your  letters  of  instructions,  one  to  my- 
self and  a  copy  of  the  letter  of  instructions  to  Mr.  Bartlett,  dated  November  4,  1B51,  in  which  ft  is  directed  that  •'  should 
the  surveyor  at  any  time  differ  with  you  [tho  commissioner]  on  any  question  connected  with  the  survey,  he  [the  surveyor] 
will  defer  to  your  [the  commissioner's]  opinion  until  the  case  is  snbmitted  and  decided  by  the  department. 

The  surveyor  came  out  long  after  the  initial  point  was  agreed  upon,  and  the  monument  erected  and  the  line  begun, 
relieved  the  acting  surveyor,  and  protested  against  the  point.  With  the  protest  and  the  views  of  the  commissioner  before 
him,  both  sides  it  is  presumed  fairly  stated,  the  honorable  Secretory  instructed  the  surveyor  to  sign  the  maps ;  but  before 
the  Instructions  reached  him,  he  was  relieved,  and  I  was  appointed  in  his  place,  with  the  same  Instructions. 

I  therefore  considered  the  matter  as  settled,  and  the  action  of  tho  government  as  final.  "The  official  documents  which 
have  been  prepared  for  the  purpose,"  referred  to  in  my  letter  of  appointment  and  instructions,  never  having  been  presented, 
no  action  has  been  taken  in  the  matter  definitely  and  finally  to  "  settle  this  important  point."  I  quote  from  my  instruc- 
tions, for,  as  I  shall  presently  show,  it  has,  by  the  views  taken  of  the  subject  by  both  sides,  ceased  to  be  an  important  point. 

But  I  have  done  this  in  compliance  with  the  letter  and  spirit  of  my  instructions.  Mr.  Salasar,  the  Mexican  commis- 
sioner and  surveyor,  met  me  at  the  Presidio  del  Norte,  August  1st,  to  sign  the  maps  of  the  Bio  Grande  forming  the 
boundary.  Neither  party  had  tho  maps  properly  prepared,  nor  was  Mr.  Salasar  at  all  prepared  in  money  or  means  to  go  on 
with  the  work  at  the  rate  I  was  progressing.  I  had  already  signed,  conjointly  with  him  as  astronomer  and  surveyor,  tho 
only  maps  fit  for  signature,  but  ho  remained  pressing  me  to  sign  other  maps  which  Involve  Incidentally  the  initial  point 
agreed  upon  by  Mr.  Bartlett,  Mr.  Conde,  Mr.  8alamr,  and  Mr.  Whipple,  from  which  Colonel  Graham  had  started  his  survey 
of  the  river.  I  thvrcforo,  on  the  28th  August,  signed  tho  maps  according  to  my  instructions,  with  the  reservation  con- 
tained in  the  paper,  a  copy  of  which  is  herewith  sent,  marked  "A,"  signed  conjointly  by  Mr.  Knll*«*r  and  myself,  and  the 
statement  therein  referred  to  setting  forth  on  the  face  of  the  maps  that  it  was  tho  "  boundary-tint  atjrttd  upon  by  the  Uro  c°m- 
narocrr,  April  20,  1651." 

I  presume  it  was  never  intended  I  should  giro  my  certificate,  as  astronomer  and  surveyor,  to  tho  correctness  of  the  deter- 
mination of  a  point  which  had  been  determined  by  the  observations  of  others,  and  without  consultation  or  advice  of  mine. 
On  the  other  hand,  I  do  not  for  a  moment  doubt  the  power  of  the  government  to  instruct  me  on  the  subject,  or  hesitate  as 
to  my  duty  to  obey  iU  mandates,  which  I  understand  as  requiring  mo  only  to  authenticate  the  initial  point  agreed  upon  by 
the  commissioners  of  the  two  governments. 
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In  reference  to  the  importance  of  the  point,  I  think  it  a*  well  to  state  that  the  line  agreed  upon  by  the  cotnmlsHon, 
April,  ISol,  is  about  33'  north  of  the  line  contended  for,  as  that  liiiil  <lovm  by  Distivmcll'*  map,  hut  it  reaches  about  18' 
of  arc  further  west ;  and  aa  both  lines  run  3^  of  longitude  went,  the  difference  of  territory  is  3  '  of  longitude  multiplied 
by  about  40'  of  latitude,  each  tinving  a  middle  latitude  that  may,  for  the  purpose  of  computation,  be  assumed  at  30  \ 
Neither  Une  gives  us  the  road  to  California,  and  the  country  embraced  in  the  area  of  the  difference,  with  the  exception  of 
ft  strip  along  the  Itio  Grande  about  nine  mile*  long  and  from  one  to  two  wide,  Is  lwrren,  and  will  not  produce  wheat,  corn, 
grapes,  trees,  or  anything  usohd  ax  food  for  man,  or  for  clothing. 

Neither  lino  will  giro  us  a  channel  of  communication  for  poets  along  the  frontier,  without  which  it  in  impracticable  to 
comply  with  the  XJth  article  of  the  treaty,  which  enjoins  the  United  Htates  to  keep  the  Indians  ont  of  Mexico. 

When  originally  on  the  work,  Iwfore  tho  point  was  determined,  having  a  knowledge  of  the  country  from  previous 
reeonnolsaance,  I  had  the  honor  of  asking  the  attention  of  your  predecessor  to  this  very  subject,  in  a  communication  dated 
April,  1S49,  San  Diego,  California,  which  was  subsequently  printed  by  the  Senate.  I  then  pointed  ont  what  I  believed  to 
1h-  the  only  view  taken  of  the  treaty,  which  would  have  given  us  the  road,  it  being,  in  truth,  the  only  important  matter 
involved  in  tho  question.  No  notice  waa  taken  of  this,  and  I  was  superseded  in  my  command  until  restored  by  yon, 
although  Mr.  Clayton,  the  Secretary  of  State,  had  declined,  on  my  application,  to  relieve  me,  on  the  ground  of  my  knowl- 
edge of  the  jiarticular  duties  to  which  I  was  assigned. 

On  my  return  to  the  work,  lwth  governments  having  been  committed  in  the  matter  by  the  coram iaai on,  the  time  waa 
imssed  when  anything  could  be  effected  with  the  Mexican  commission. 

It  is  not  pretended  that  the  viow  there  taken  of  the  treaty  is  aa  clove  a  legal  construction  as  that  taken  since ;  but  it 
is  the  only  one  which  could  have  givenrlls  a  wagon  road  from  the  Pel  Norte  to  the  Pacific  by  way  of  the  Gila  river.  And 
it  is  believed  that,  if  this  point  had  been  urged  before  discussion  took  place,  or  before  either  party  had  committed  itself, 
the  obvioui  advantages  to  both  would  have  secured  its  adoption. 

I  have  the  honor  to  bo  your  obedient  servant, 

W.  H.  EMOBY. 

Tho  lion.  Skcbhaky  or  toe  Lcmuoa. 

I  give  here  a  copy  of  my  letter  of  April  2,  1849,  which,  had  it  received  attention,  would  have 
heen  the  means  of  saving  much  controversy  and  expenditure  of  time  and  money : 

Bot  xr>ART  Commission,  Sam  Dnwo,  April  2,  1849. 

Sm  :  Paper  marked  "A"  will  exhibit  to  you  the  adoption  of  my  determination  of  the  astronomical  line  forming  tho 
boundary  between  the  United  State*  and  Mexico,  from  the  initial  point  on  the  Pacific  to  tho  junction  of  the  Gila  and 
Colorado  rlvera,  by  the  Mexican  astronomer  and  surveyor,  Hcftor  Don  Joed  Salamr  y  Larregui.  The  line  passing  through 
the  five  points  stated  in  that  paper,  as  determined  by  me,  is  in  view  of  tho  locate"  mountain,  thirty  miles  distant,  and  SeBor 
Salaxor  undertook  to  establish  on  the  Tccatc  a  signal  In  tho  prolongation  of  this  line,  and  hag  succeeded  in  doing  bo  ;  and 
the  same  has  been  verified  under  my  orders. 

Knowing  the  long  time  that  mart  elapse  before  the  monuments  arrive,  I  have,  in  conjunction  with  Mr.  Sahutar,  to  scctrro 
thi*  Una  beyond  all  cavil,  and  for  the  convenience  of  property  holders  on  either  side,  canned  monument*  of  a  pyramidal 
shape,  twelve  feet  at  the  base,  and  twelve  feet  high,  composed  of  stones  and  earth,  to  be  erected  at  the  points  established. 
These  extend  over  a  space  of  thirty  miles,  and  embrace  all  the  settled  portions.  I  have  bound  tho  government  for  the  pay- 
ment of  one-half  the  cost  of  the  monument*,  tho  Mexican  commission  paying  the  other  lialf. 

You  were  apprised  in  my  last  despatch  that  this  commission,  when  I  received  the  charge  of  it,  waa  without  one  cent  of 
money,  without  a  mouthful  to  eat,  and  without  a  hoof  or  wh->el  for  transportation ;  and  that  I  was  deprived  of  the  only 
means  of  doing  anything,  by  being  derived  at  the  same  time  of  military  command. 

I  have  not  been  instructed  to  estimate  funds  for  the  past  or  future.  I  have  no  means  of  estimating  the  debts  of  the 
commission,  but  prcsums  this  lum  tiocn  done  by  tho  late  commissioner.  I  think  it  proper,  however,  to  send  an  estimate 
herewith  of  fumts  required  by  Brevet  Captain  Hardeastle,  to  enable  him  to  carry  out  his  instructions.  I  think  it  also  proper 
to  inform  the  l>epartmcnt,  for  tbo  benefit  of  the  operators  from  the  "flaw  del  Norte,"'  that  authentic  information  lias  reached 
here,  that  the  Mexican  frontier  towns  of  Froaterac  ond  Santa  Crus,  which  have  always  been  counted  on  by  the  officers  of 
the  commission  to  furnish  supplies,  have  been  ravaged  by  tho  wild  Indians,  and  ik-xertcd  by  the  inhabitants,  and  tho  moans 
of  subsistence  of  the  Pirao*  Indian*  have  been  oaten  out  by  the  emigrants.  In  addition  to  the  American  emigration,  a 
dcnBo  stream  of  "Honorcans,"  and  other  Mexicans,  is  now  pouring  over  a  portion  of  the  same  route  into  California,  deso- 
lating the  herbage  and  means  of  subsistence  as  they  pass,  r  ive  thousand  and  upwards  have  already  penetrated  tlio  coun- 
try this  season,  and  it  is  estimated  by  intelligent  men  that  aftccn  thousand  more  are  in  movement  iu  the  same  direction. 

In  connexion  with  this  same  subject,  and  reverting  to  my  dispatch  No.  2,  I  prcBumc  enough  was  then  said  to  satisfy  you 
that  the  expedition  should  not  move  from  the  "Gila  eastward."    TV  tart  alone,  that  ail  it  may  accomplish,  if  it  can 
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accomplish  anything,  between  the  mouth  of  the  Gila  and  the  "Paso  del  Norte,"  beyond  that  of  overcoming  space,  will  he 
by  the  movement  of  the  Mexican  commission,  growing  odt  of  the  action  of  the  joint  commission  of  an  ex  parte  character, 
and  therefore  of  bo  raloo.  But.  in  addition  to  thin,  wc  may  lose  a  great  advantage  by  pushing  the  surrey  in  that  direc- 
tion—no lem  than  the  only  practicable  route  for  a  railway  over  the  Sierra  Madre  ;  which  rontc  in  near  tho  32d  parallel  of 
latitude.  That  supposed  to  have  boen  recently  discovered  by  lieutenant  Simpson  I  believe  impracticable  Had  that  intel- 
ligent officer  come  further  "  westward,"  ho  would  lutve  found  an  insurmountable  barrier. 

By  poshing  tho  survey  eastward,  and  looking  for  a  branch  of  the  Gila  which  shall  fulfil  the  conditions  of  the  treaty— 
the  first  to  intersect  the  boundary  of  New  Mexico — yon  will  inevitably  bo  made  to  strike  that  boundary  far  north  of  the 
parallel  of  the  copper  mines  ;  becauso  all  tho  streams  south  of  that  parallel,  having  their  sources  in  the  Sierra  Mndre,  run- 
ning towards  the  Gila,  disappear  in  the  sands  before  they  reach  Gila,  except  In  cases  of  unusual  freshets.  Working  cast, 
ward,  their  almost  trackless  beds  must  escape  the  notice  of  the  keenest  explorer.  Working  from  tho  "  Paso  del  Norte" 
northward  and  westward,  you  strike  the  sources  of  the  streams  themselves ;  and  although  they  may  disappear  many  leagues 
Ufore  reaching  the  Gila,  they  may  nevertheless  be  affluents  of  that  river,  and  fulfil  the  condition  of  the  treaty. 

Another  view  of  the  case  may  also  be  taken.  The  inaccuracy  of  the  map  upon  which  the  treaty  was  made,  and  which 
thcrel>y  became  a  part  of  tho  treaty,  is  notorious.  It  is  also  known  to  all  who  have  been  much  in  the  frontier  States 
of  Mexico,  that  the  boundaries  of  those  States  have  never  been  defined  on  the  ground,  and  are  unknown.  This  is  particu- 
larly the  case  of  the  boundary  betwixt  New  Mexico  and  Chihuahua.  In  this  condition  of  tilings  the  commissioners  must 
negotiate,  and  they  may  adopt  the  32d  parallel  of  latitude,  until  it  strikes  tho  San  Pedro,  or  oven  a  more  southern 
of  latitude.  This  would  give  what  good  authority,  combined  with  my  own  observations,  authorizes  mo  to  any  is  a  j 
hie  route  for  a  railroad — I  believe  the  only  one  from  ocean  to  ocean  within  our  territory. 

Another  consideration  is,  the  treaty  makes  the  Gila  for  a  certain  extent  the  boundary.  The  Gila  does  not  always  run  In 
the  same  bed ;  whenever  it  changes  the  boundary  must  change,  and  no  survey  nor  anything  else  can  keep  It  from  changing. 
The  survey  of  that  river,  therefore,  as  it  fixes  nothing,  determines  nothing,  is  of  minor  Importance.  It  forms  of  itself  a 
more  apparent  and  enduring  monument  of  the  boundary  than  any  that  can  be  made  by  art ;  and  on  tho  principles  that  that 
which  Is  of  the  greatest  necessity  should  bo  done  first,  the  line  from  tbe  Paso  del  Norte,  until  It  strikes  a  branch  of  tho 
Gila,  would  seem  to  demand  the  first  attention. 

It  is  but  jnst  to  say  these  are  not  views  recently  adopted  by  me  ;  they  were  entertained  and  expressed  before  leaving 
Washington  and  since,  and  I  urged  that  none  but  the  astronomical  party,  and  Just  as  much  of  the  commission,  should  bo 
sent  to  the  Pacific  side  as  was  necessary  to  fulfil  the  conditions  required  by  tho  letter  of  the  treaty. 

Very  respectfully,  your  < 

Hon.  T.  Ewura,  Seerttary  qf  Iht  Interior. 

{Litter  rtfartd  loin  the  wit  on  page  14.] 

OmcB  L'xited  States  Bocxoaev  Commission, 

H'athingim,  April  23,  1856. 

8ra  :  In  answer  to  your  instructions  of  April  22,  predicated  on  a  resolution  of  Congress,  received  this  day,  I  have  the 
honor  to  submit  the  following  table,  showing  the  several  appropriations  mado  by  Congress  for  the  survey  of  the  1 
line  between  the  Uultcd  States  and  Mexico,  m  established  under  the  treaty  of  Guadalupe  Hidalgo  : 
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Ifctc  uf  law. 


Ot'j.-i-l  of  upprnprhlin:)- 


12,  ls-h* 

l.j,  Hil) 

30,  1n'.I> 

;t,  \>r,i 

21,  is:. 2 

31,  lSO'i 
23,  IS,'i2 

3,  lS.a.'S 

.•(.  Is.-.H 

a,  is.v; 

31,  In.H 

31,  l*r>« 

I.  IS  M 

3. 


Km>!ii:ig  ami  iii.iikiii<l»iiindiiiy  liin  under  tieaty  of  Unwlaluir  Uiililg-i 

I>u  'I"  <lij  'In  ^   _ ♦  I >J  — 

I >i •   ....  ..In.  _  .ih>  I.i   ..In  . . 

|v.  ,1,,  ,|n  


■ 


I'U  ,!..  ill.   ..in  

ArT'-*r..;r<-x      l-.undary  •  •  •mini-  -i-  -n  .... 

Ktmnhiv'  and  marking  bnatuhry  line  Mow  H  !'a->.  Im-ludiliK  <x- 

alieady  in<  un  -.i     

Am-.iPi  d:n-  Ijimrv  i  party   . 

Kspi-lisr*  m'  I.i  nt.  Whipple  »  parly   

Ki  I  lining  nli'.l  ln;u  L  L 1 1  ir  I"iij1hI;l.'  v  Inn-  iiti-ii  :  It'-aty  o:"  I  i  iL:ii  1  iij  lj  |"i  ■  niii.L*.^' 

Arn-ira.'i.-s  prior  to  July  l.  1 -."..!  

}  .n  ;tu\  i:n r  i:m;v .  views.  .\  e  .  i .r  I  -  un . I. irv  ..  .ir  vr v  

Cnmp>-:iKatii>n  "1°  intir»:s.  oftii.-  ».,rk.  

Kngiavini,'  map-.,  vii:w^,  \i.  \ ,  ...['  l...u:nUry  mii  v.  y .  _ .  .  _   

Total     


Amount  uppio- 
priatcl. 


**>(i,  OfiO  00 

r>o.  ikio  oo 

U.Vooo  mi 

100. ooo  oo 

so. noo  00 

2.1.0(H)  (10 

120.  >KH)  00 

2'l.l.NH)  00 

fi.000  00 

y.i.nl2  oo 

iO.000  00 

io,  oimi  oo 

l  nit  m 

10.  <nni  oo 

7s 7, 112  00 


Digitized  by  Google 


22 


PERSONAL  ACCOUNT. 


Of  the  above  amount,  the  disbursement  of  only  a  very  small  portion  camo  under  my  direction  or  within  my  1 
The  item  of  $38,100  for  office-work  and  the  two  items  of  $10,000,  each  were  disbursed  by  Captain  Thorn  under  my  imme- 
diate direction.  Of  the  Ant  num.  there  was,  January  1,  1&.16,  a  lialonce  untouched  of  $24,442  54 ;  and  of  the  two  hut 
sum*  a  balanco  of  $12,900     As  far  a*  my  authority  has  extended,  there  liave  lieen  no  defalcation*. 

I  hare  also  to  submit  a  table  showing  the  appropriations  made  by  Congress  for  the  survey  of  the  boundary  between  the 
United  State*  and  Mexico,  as  established  under  the  treaty  of  December  30,  1X63. 


U.  S.  Statutes. 

Date  of  law 

Object  of  appropriation. 

Amount  appro- 
priated. 

Vol. 

Page- 

10 
10 

661 

Aug.     14,  1854 
March    3,  1855 

Running  and  marking  boundary  under  treaty  of  December  30,  1853. . 

$168,130  00 
71,450  00 

239,580  00 

Of  the  amount  appropriated  for  the  survey,  he.,  of  tho  boundary  under  the  treaty  of  Decemlier  30,  1853,  most  of  It  was 
disbursed  by  myself,  and  a  portion  by  Ueut.  Michler  ;  and  there  remained,  on  the  1st  of  January,  1856,  in  the  hands  of 

the  assistant  treanurer  of  the  United  States  at  New  York,  to  my  credit   $48,  004  69 

In  the  hands  of  Lieut.  Mlehlcr   5, 000  00 

In  tho  treasory  of  the  United  Mates  at  Washington,  not  drawn   51, 450  00 


Tetal   98,454  59 

Total  from  above   37,345  54 


135.800  13 


And  I  have  further  to  report  that  no  defalcations  have  occurred  In 
I  have  the  honor  to  Iks  your  obedient 


my  orders. 

W.  II .  EHOBY,  U. 


The  field-work  of  tho  boundary  survey  under  the  treaty  of  1850,  confided  to  my  charge,  was 
finished  within  the  time  estimated  by  the  government.  It  will  be  Keen  from  the  above  state- 
ment that  the  whole  work  will  be  completed  at  an  expense  much  within  the  appropriation  made 
by  Congress. 
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SO,  1853. 


On  the  15th  August,  1854, 1  received  from  the  President  of  the  United  States,  through  the 
Hon.  Robt.  McClelland,  Secretary  of  the  Interior,  the  appointment  of  commissioner  "  to  survey 
and  mark  out  upon  the  land  the  dividing  line  between  the  United  States  and  the  republic  of 
Mexico,  concluded  on  the  30th  of  December,  1863,  the  ratifications  of  which  were  exchanged  in 
the  city  of  Washington  on  the  30th  day  of  June,  1854."  At  the  same  time  I  received  special 
instructions  from  the  Secretary  of  the  Interior,  and  a  copy  of  the  treaty,  which  will  be  found  in 
the  appendix. 

The  terms  of  the  treaty  required  that  each  of  the  two  governments  should  nominate  one 
commissioner,  and  that  "  the  two  thus  nominated  should  meet  in  the  city  of  El  Paso  del  Norte 
three  months  after  the  exchange  of  ratifications  of  the  treaty,  and  proceed  to  survey  and  mark 
out  the  lino,"  &o. 

To  reach  El  Paso  del  Norte  in  the  time  required  by  the  treaty,  (October  1st,)  it  would  have 
been  necessary  to  leave  my  outfit  to  take  care  of  itself,  and  travel  post-haste.  Knowing 
well  the  character  of  the  country  in  which  that  service  was  to  be  performed,  I  concluded  to 
send  forward  a  special  messenger  to  meet  the  Mexican  commissioner,  and  to  remain  and  give 
my  personal  attention  to  the  outfit.  Everything  in  the  way  of  astronomical  and  surveying 
instruments,  transportation,  arms,  provisions,  and  medicines  required  for  the  campaign,  was  to 
be  provided  in  advance,  and  shipped  from  New  York. 

By  employing  men  to  work  night  and  day,  and  shipping  my  wagons,  at  great  expense,  on 
hoard  the  passenger  steamers,  I  was  enabled  to  land  the  whole  outfit  at  Indianola,  Texas,  by 
the  25th  of  September. 

On  the  night  of  the  18th  September,  while  crossing  the  Qulf,  a  terrific  tornado  swept  the 
coast,  and  every  wharf  in  Matagorda  bay,  except  that  upon  which  a  portion  of  our  outfit  was 
landed,  was  carried  away,  and  the  town  of  Matagorda  itself  levelled  with  the  ground.  We 
found  at  Indianola  a  number  of  mules  belonging  to  the  old  commission;  but  they  were  in  such 
miserable  condition,  I  determined  to  send  them  up  to  San  Antonio  with  the  empty  wagons,  and 
hire  transportation  for  the  supplies  which  had  been  purchased  in  New  Orleans  and  safely 
landed  at  Indianola.  The  low  country  between  Indianola  and  Kilpatrick's,  a  distance  of 
twenty  miles,  was  inundated,  and  the  roads  so  bad,  that  the  contractor  for  the  transportation 
of  our  supplies  was  twenty  days  passing  as  many  miles.  The  yellow  fever  was  then  prevalent, 
and^added  much  to  our  embarrassments,  several  of  our  party  having  been  stricken  down  at  the 
moment  of  entering  upon  a  distant  and  arduous  service.  I  was,  however,  so  thankful  to  have 
escaped  without  damage  the  tornado  of  the  17th-19th  of  September,  which  proved  so  disastrous 
around  us,  that  every  other  adverse  circumstance  seemed  trifling. 

On  the  25th  of  October  I  had  succeeded  in  enlisting  and  equipping  sixty  or  seventy  men  for 
the  service,  and  in  purchasing  the  necessary  number  of  animals. 
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The  escort,  consisting  of  a  company  of  the  7th  infantry,  commanded  by  Brevet  Capt.  E.  K. 
Smith,  reporUd  itself  in  readiness  on  the  same  day,  and  on  the  next  we  took  up  the  line  of 
march  for  El  Paso.  # 

Before  leaving  Washington  I  organized,  with  the  assent  of  the  Secretary,  a  party,  under 
Lieut.  Michler,  to  proceed  to  California  and  work  from  the  Pacific  side  to  meet  me. 

When  the  commission  took  the  field  the  following  was  its  organization ;  and  this  organi- 
zation was  continued  with  scarcely  a  change  until  the  successful  conclusion  of  the  field-work, 
in  the  fall  of  1855  : 

W.  H.  Emory,  U.  S.  commissioner,  chief  astronomer  and  surveyor. 
Chas.  Radziminski,  secretary. 

Lieut.  Chas.  N.  Turnbull,  corps  Topographical  Engineers,  general  assistant. 
M.  T.  W.  Chandler,  do. 
J.  H.  Clark,  principal  assistant  astronomer. 
Hugh  Campbell,  assistant. 
Winder  Emory,  clerk. 

Maurice  Von  Hippel,  principal  assistant  surveyor. 

Chas.  Weiss,  assistant  surveyor. 

F.  Wheaton,  reconnoitring  assistant. 

Wm.  Likens,  assistant  in  charge  of  commissary  stores. 

Jas.  Houston,  assistant. 

David  H inkle,  do. 

Benj.  Burns,  assistant  in  charge  of  instruments. 

Lieut.  N.  Michler,  corps  Topographical  Engineers,  in  charge  of  party  operating  from 

the  Pacific  side. 
Arthur  Schott,  assistant  to  Lieut.  Michler. 
E.  A.  Phillips,       do.  do. 
John  O'Donoghue,  do._  do. 
Capt.  George  Thom,  corps  Topographical  Engineers,  with  a  few  civil  assistants,  was  left  in 
Washington  in  charge  of  the  ofiice,  to  reduce  the  observations  and  project  the  work  done  under 
the  old  commission.  * 

Besides  the  above,  there  were  employed  in  the  different  parties  about  one  hundred  men,  in 
the  various  capacities  of  teamsters,  laborers,  cooks,  servants,  and  arrieros. 

The  infantry  escort  accompanied  the  commission  from  the  time  of  leaving  San  Antonio  until 
our  return  to  El  Paso.  From  that  point  to  San  Antonio  it  was  commanded  by  Lieutenant 
Cummins.  At  El  Paso,  on  the  outward  journey,  wo  received  an  accession  to  the  escort  of 
thirty  dragoons,  commanded  by  Lieutenant  Hastings.  Lieutenant  Michler  was  escorted  by  a 
detachment  of  artillery  soldiers,  commanded  by  Lieutenant  (now  Captain)  Patterson.  In 
addition  to  his  military  duties,  Captain  Smith  aided  mo  materially  in  tho  business  of  the 
boundary  survey. 

The  first  part  of  the  journey  from  San  Antonio  to  El  Paso  was  very  slow,  in  consequence  of 
the  heavy  rains,  which  made  tho  roads  in  many  places  almost  impassable  for  our  heavily  laden 
wagons.  Beyond  Devil's  river  we  found  the  roads  good,  water  and  grass  plenty,  and  succeeded 
at  last  in  reaching  El  Paso  in  time  for  the  Mexican  commission. 

Wo  did  not  see  an  Indian  on  the  route,  although  in  front  and  in  rear  of  us  they  were  com- 
mitting depredations  along  the  whole  road. 
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At  Cantonment  Blake,  on  the  Devil's  river,  they  waylaid  and  killed  a  couple  of  soldiers  ;  at 
Live  Oak  they  drove  off,  in  open  day-light,  all  the  animals  of  the  military  post  temporarily 
established  at  that  point.  At  Fort  Davis,  we  found  they  had  attacked  a  party  and  killed  a 
sergeant  and  musician;  just  beyond,  at  Dead  Man's  Hole,  they  attacked  the  mail  party,  and 
would  probably  have  handled  them  severely,  Lad  not  another  party  coming  in  the  opposite 
direction,  joined  them  at  the  critical  moment. 

On  arriving  at  the  cailon  about  seventy  miles  below  El  Paso,  I  left  my  escort  and  train,  with 
directions  to  proceed  slowly  up  the  river,  while  I  went  to  make  such  arrangements  with  the 
Mexican  commissioner  as  would  enable  me  to  move  the  parties  directly  on  tho  new  line,  and 
commence  operations. 

I  accomplished  this  with  the  Mexican  commissioner  satisfactorily;  although  winter  had 
now  set  in  with  severity,  and  the  small-pox  showed  itself  in  our  camp,  and  we  had  just  accom- 
plished a  journey  of  sixteen  hundred  miles,  every  assistant  and  man  took  the  field  as  cheerfully 
as  if  he  had  just  left  his  barracks. 

Each  ono  of  the  principal  assistants  was  selected  upon  the  estimate  of  hU  professional 
abilities,  derived  from  personal  knowledge,  and  I  had  no  reason  to  make  any  changes  of 
importance  from  the  beginning  to  the  end  of  the  work.  My  own  expectations,  arid  I  hope 
those  of  the  government,  were  entirely  fulfilled  in  the  manner  in  which  the  work  was  accom- 
plished. Under  all  circumstances — during  the  cold  winter  exposed  upon  the  bare  ground  of 
the  bleak  plains,  and  in  the  summer  to  the  hot  sun  blazing  over  tho  arid  desert — every  order 
was  executed  with  fidelity,  and  the  work  was  completed  within  the  time,  and  largely  within 
the  amount  appropriated  by  Congress.  We  passed  the  entire  width  of  the  continent  and 
returned  with  the  loss  only  of  two  men,  and  without  losing  a  single  animal,  (except  those  worn 
out  by  service,)  or  suffering  a  stampede  by  the  Indians  ;  at  the  same  time  that  our  co-operators 
on  the  Mexican  commission  were  twice  robbed  of  every  hoof  by  the  Apaches,  and  extensive 
losses  were  sustained  by  other  detachments  of  United  States  troops,  and  by  our  citizens 
traversing  this  region. 

I  close  this  short  personal  account  by  giving  tho  journal  of  tho  joint  commission,  composed 
of  Sefior  Salazar  and  myself.  It  will  be  seen,  that  throughout  the  whole  expedition  the  utmost 
harmony  prevailed,  and  I  take  this  occasion  to  express,  not  only  for  myself,  but  for  the  whole 
American  commission,  the  pleasant  recollection  of  the  agreeable  intercourse  which  existed 
between  ourselves  and  the  Mexican  commissioner,  and  the  officers  under  his  command.  Sefior 
Salazar  failed  to  receive  from  his  government  means  to  carry  on  the  work  with  the  rapidity 
contemplated  in  the  agreement  with  myself,  and  he  was  twice  crippled  in  his  operations  by  the 
depredations  of  the  Indians. 
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JOURNAL  OF  THE  JOINT  COMMISSION. 


Paso  del  Nortb,  Deccml>cr  4,  1854. 

The  undersigned,  commissioners  respectively  on  the  part  of  the  United  States  of  America 
and  of  the  Mexican  republic  to  run  and  mark  the  boundary  line  between  the  two  countries, 
according  tlie  treaty  concluded  in  the  city  of  Mexico  on  the  30th  day  of  December,  1853,  met 
informally  in  the  town  of  El  Paso  del  Norte  on  the  2d  instant,  and  on  the  4th,  the  date  of  this 
joint  record  of  their  proceedings,  they  had  another  meeting  in  the  same  town,  when,  having 
exchanged  credentials,  they  proceeded  to  discuss  and  arrango  the  business  upon  which  they 
were  called  together  by  their  respective  governments. 

Both  parties  being  ready  to  commence  operations,  and  there  being  no  difference  of  opinion  upon 
the  scientific  and  practical  manner  of  determining  the  boundary  between  the  two  countries,  it 
was  agreed  that  each  .vhould  proceed,  with  all  the  means  at  his  disposal,  to  determine  the 
initial  point  of  said  boundary  on  the  Rio  Grande,  which  the  treaty  stipulated  to  be  at  the 
parallel  of  31°  47'  north  latitude.  It  was  further  agreed  that  as  soon  as  each  party  ascertained 
the  precise  point,  both  parties  should  compare  notes  and  eliminate  any  differences  or  errors,  by 
the  methods  best  known  to  science,  and  conclude  the  final  result,  giving  to  each  set  of  obser- 
vations the  weight,  due  to  them. 

There  being  no  other  business  before  the  commission,  it  adjourned,  to  meet  when  either 
commissioner  should  signify  to  the  other  that  he  had  concluded  the  observations  necessary  to 
determine  where  the  parallel  of  31°  47'  north  latitude  intersects  tho  Rio  Grande. 

W.  H.  EMORY. 

JOSE  SALAZAR  Y  LARREGUI. 

Rio  Ghandk,  Latitidk  31°  47',  January  10,  1855. 
On  the  9th  of  January,  both  commissioners  having  finished  the  observations  necessary  to 
determine  the  initial  point  of  the  boundary  on  the  Rio  Grande,  met  this  day  to  compare 
results.  The  necessary  measurements  being  made  to  connect  the  two  observatories,. and  also 
the  observatory  established  at  Frontera  in  1S51-62,  it  was  ascertained  that  the  difference 
between  the  determinations  of  the  parallol  of  31°  47',  made  by  the  two  commissions,  was  eighty- 
four  hundredths  of  one  second.  It  was  theu  mutually  agreed  to  take  the  mean  between  the 
two  results ;  and  the  point  thus  ascertained  was  marked  on  the  ground  in  presence  of  both 
commissioners,  as  the  point  where  the  parallel  of  31°  47'  strikes  the  river  ;  that  is  to  say,  the 
point  where  the  boundary  under  the  treaty  of  December  30,  1853,  leaves  the  river  to  run 
westward. 

The  commission  adjourned,  to  meet  to-morrow  at  10  o'clock  a.  m. 

JOSE  SALAZAR  Y  LARREGITI. 
W.  II.  EMORY. 

Rio  Gkakpk,  Latitvdk  31°  47',  January  11,  1855. 
The  commission  met  and  laid  off  the  tangent  to  the  parallel  of  31°  47',  and  having  agreed 
upon  the  elements  assumed  for  the  figure  of  the  earth,  (Bessel's,)  and  compared  the  results  of 
their  computations  for  the  length  and  azimuth  of  the  ordinate*  connecting  the  tangent  with 
the  parallel,  found  them  to  correspond. 
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The  commission  adjourned,  to  meet  to-morrow  at  10  o'clock  a.  m. 

JOSE  SALAZAR  Y  LARREGUI. 
W.  H.  EMORY. 

Paso  del  Norte,  January  12,  1855. 
The  commission  met  agreeably  to  adjournment,  and  agreed  to  place  one  monument  as  near 
the  river  as  the  nature  of  the  ground  will  admit,  to  be  of  dressed  stone,  having  on  the  north 
face : 

U.  S. 
BOUNDARY, 
Under  die  treaty  of  December  30,  1853. 

On  the  south  face : 

R.  M. 

Limits  conforme  al  tratado  do  30  de  Diciembre  de  1853. 

On  the  west : 

#  JOSE  SALAZAR  Y  LARREGUI,  (Miomdo  MtxUa»o. 

On  the  east: 

W.  II.  EMORY,  U.  S.  Commi**io*er. 
The  commission  further  agreed : 

1st.  To  erect  a  pyramid  of  rough  stone,  cemented  with  mortar,  where  the  line  strikes  the 
crest  of  the  first  range  of  hills,  and  one  of  the  same  description  in  sight  of  the  road  leading 
from  El  Paso  to  the  north. 

2d.  To  put  up  a  monument  at  the  extremity  of  the  line  of  31°  47'  of  the  same  kind,  and  with 
the  same  inscription,  as  that  first  named ;  to  put  up  pyramids  along  the  line  wherever  the 
facilities  of  water  and  stone  will  admit. 

3d.  To  lay  the  foundation  of  the  monument  nearest  the  river  on  the  24th  January. 

There  being  no  further  business  before  the  commission,  it  adjourned,  to  meet  at  12  m.  on  the 
24th  instant. 

W.  H.  EMORY. 

JOSE  SALAZAR  Y  LARREGUI. 

* 

Paso  del  Norte,  January  26,  1855. 

The  commission  met  on  this  day. 

The  Mexican  commissioner  having  notified  the  American  commissioner,  by  letter,  on  the 
16th,  that,  in  consequence  of  his  absence  in  making  a  reconnoissance,  he  could  not  attend  the 
placing  of  the  corner-stone  of  the  monument  until  the  31st,  the  American  commissioner  agreed 
with  him  to  postpone  the  establishment  of  the  foundation  of  the  monument  to  that  day  at 
meridian,  and  we  have  this  day  met  to  give  validity  to  that  agreement.  The  American 
commissioner  stated  that,  in  consequence  of  not  getting  a  sufficient  supply  of  water  immedi- 
ately on  the  line,  he  had  somewhat  changed  his  plans,  and  had  adopted,  as  the  base  of  his 
operations,  the  north  and  south  line  between  the  parallels  of  31°  47'  and  31°  20*.  The  first 
division  of  his  party  (the  astronomical)  had  completed  all  their  work  here,  and  was  ready  to 
move  on  that  line,  escorted  by  the  dragoons,  and  would  so  move  to-morrow ;  that  he,  the 
commissioner,  would  follow  with  the  balance  of  his  party,  the  surveyors  and  the  supplies, 
immediately  after  the  completion  of  their  joint  labors  on  the  31st  instant.  Ho  further  stated, 
he  had  established  points  on  the  line  beyond  the  road,  and  by  the  31st  his  parties  would  have 
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progressed  with  the  line  as  far  on  the  Mesa  as  was  convenient  to  operate  from  this  side.  He 
proposed  to  the  Mexican  commissioner  to  concur  in  these  plans,  and  to  start  also  westward. 
The  Mexican  commissioner  stated  he  fully  concurred  in  those  plans  and  adopted  them,  but  that 
in  consequence  of  having  no  escort,  he  could  not  move  at  the  time  proposed,  but  would  follow 
as  soon  as  his  escort  arrived  ;  the  Mexican  commissioner  further  stated,  that  whilst  here  he 
would  take  the  charge  of  the  three  monuments,  agreed  upon  at  our  meeting  of  the  12th  to  be 
erected  at  this  end,  and  see  them  completed. 

The  American  commissioner  assented,  and  farther  stated  that  he  would  leave  Jean  Ball,  the 
stone-mason,  to  assist  in  the  work  under  the  direction  of  the  Mexican  commissioner. 

The  American  commissioner  stated,  that  the  treaty  required,  for  the  establishment  of  the 
line,  the  concurrence  of  the  two  commissioners  ;  that  when  he  establishes  the  points  west  in  the 
absence  of  the  Mexican  commissioner,  if  any  accident  should  prevent,  a  subsequent  visitation 
and  verification  of  the  points  by  the  Mexican  commissioner,  the  validity  of  the  point  might  be 
questioned,  and  the  work  of  himself,  the  American  commissioner,  achieved  at  great  cost,  might 
go  for  nothing.  • 

The  Mexican  commissioner  Btatcd,  in  reply,  that  to  avoid  that  difficnlty,  he  would  now  adopt 
all  those  points  which  the  American  commissioner,  in  his  absence,  might  establish,  in  his  own 
name,  on  the  line  which  the  treaty  stipulates. 

JOSK  SALAZAR  Y  LARREGUI. 
W.  H.  EMORY. 

Initial  Point  on  tub  Rio  Gbande,  Lat.  31°  47', 

January  31,  1855. 

The  commission  met,  according  to  agreement,  at  meridian. 

The  chief  officers  of  the  vicinity,  military  and  civil,  from  both  sides  of  the  line,  being  present, 
the  foundation  of  the  monument  was  laid.  The  following  paper — one  copy  in  English,  the 
other  in  Spanish— was  signed  by  the  two  commissioners  and  by  the  persons  aforesaid,  placed  in 
a  glass  bottle,  and  deposited,  at  the  depth  of  five  feet,  under  the  centre  of  the  monument : 

COI'Y  OF  THE  PAPER. 

"  We,  the  undersigned,  have  this  day  assembled  to  witness  the  laying  of  the  foundation  of 
the  monument  which  is  to  mark  the  initial  point  of  the  boundary  between  the  United  States 
and  the  Republic  of  Mexico,  agreed  upon,  under  the  treaty  of  Mexico,  on  the  part  of  the  United 
States  by  William  Hemsley  Emory,  and  on  the  part  of  the  Republic  of  Mexico  by  Jose  Salazar 
y  Larregui,  latitude  31°  47'. 

"W.  H.  EMORY,  U.  S.  Commimoner. 

"  J08K  SALAZAR  Y  LARREGUI. 

"C.  RADZIMINSKI,  Sec'y  U.  8.  B.  C. 

"JOEL  S.  ANKRIM. 

"E.  B.  ALEXANDER. 

"CALEB  SHERMAN. 

"E.  K.  SMITH. 

"  JUAN  JOSE  SANCHEZ. 

"ANTONIO  ZEPEDA. 

"GUADALUPE  MIRANDA. 

"YINCENTE  AGUIRRE." 
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Tho  American  commissioner  stated  that  he  had  already  sent  the  whole  of  his  astronomical 
force  to  the  western  end  of  the  100-mile  line,  and  that  it  was  his  intention  to  follow  in  tho 
coming  week  with  the  balance  of  his  force. 

The  question  of  the  time  and  place  of  the  next  meeting  having  been  raised,  the  Mexican 
commissioner  stated  it  was  not  in  his  power  to  say  when  he  would  be  able  to  join  tho  American 
commissioner,  but  that  he  would  endeavor  to  do  so  as  soon  as  possible. 

Tho  commission  adjourned,  to  meet  when  the  Mexican  commissioner  shall  join  the  American 
commission . 

JOSE  8ALAZAR  Y  LABBEGUI. 
W.  II.  EMORY. 

Fort  Buss,  August  14,  1855. 

In  pursuance  of  notification  from  the  Mexican  commissioner  of  his  arrival,  made  in  conformity 
with -the  last  article  agreed  upon  January  31,  1855,  the  commissioners  met  this  day.  • 

The  United  States  commissioner  stated  that  he  had  concluded  the  running  and  marking  of 
the  line  up  to  the  111th  meridian  of  longitude,  at  which  point  he  met  the  United  States  and 
Mexican  parties  working  eastward  from  the  Colorado,  and  that  in  the  unavoidable  absence  ot 
the  Mexican  commissioner  he  had  concluded  an  agreement  with  Senor  Jimenez,  first  engineer 
of  the  Mexican  commission,  which  he  now  presented  to  the  Mexican  commissioner,  and  asked 
his  approval  of  the  same. 

The  agreement  is  in  the  words  following,  to  wit : 

SeHor  Don  Francisco  Jimenez,  first  engineer  of  tho  boundary  commission,  on  the  part  of 
Mexico,  being  duly  empowered  by  the  Mexican  commissioner  to  run  the  line  between  the  Colo- 
rado and  the  111th  meridian  of  longitude,  having  arrived  at  the  camp  of  the  American  com- 
missioner, the  latter  invited  him,  in  the  absence  of  the  Mexican  commissioner,  to  a  conference, 
having  for  its  object  the  more  speedy  completion  of  the  unfinished  portion  of  the  line ;  and 
accordingly  the  two  have  met  this  day,  and  the  following  is  the  report  of  that  conference  and 
its  results : 

The  American  commissioner  stated  that  he  had  separated  from  tho  Mexican  commissioner  on 
the  6th  of  February  ;  that  the  Mexican  commissioner  being  unable  to  proceed  with  the  line  at 
that  time,  had  empowered  the  American  commissioner  to  proceed  with  it,  and  had  agreed  to 
adopt  the  line  established  by  him  in  conformity  with  the  treaty. 

The  journal  of  the  joint  commission,  duly  signed  and  sealed,  was  exhibited  to  Senor  Jimenez, 
and  a  copy  of  the  record  of  the  2fith  January,  duly  authenticated,  furnished  him.  The  Ameri- 
can commissioner  stated  that  he  had  caused  the  lino  to  bo  run  and  the  monuments  to  be  erected 
as  far  as  tho  111th  meridian  of  longitude.  That  meridian  had  been  established  from  observa- 
tions at  Los  Nogales  by  principal  assistant  Clark  ;  and  Senor  Jimenez  was  invited  to  inspect 
the  instruments,  still  in  position,  with  which  these  observations  were  made,  the  observations 
themselves,  and  the  computations  by  which  the  resulte  were  obtained.  The  result  of  that 
inspection  being  satisfactory,  the  American  commissioner  proposed,  that  in  view  of  the  urgent 
demands  of  both  governments,  to  complete  the  line,  Scfior  Jimenez  should  unite  with  the 
American  party,  and  direct  the  whole  force  of  both  parties  to  complete  the  tracing  and  murking 
of  the  line  on  the  face  of  the  earth  from  the  111th  meridian,  already  established,  to  the  point 
where  Seiior  Jimenez  and  Lieutenant  Michler  left  off  in  their  attempt  to  run  the  line  eastward. 
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Seuor  Jimenez  assented  to  this  proposition,  and  it  was,  therefore,  agreed  as  follows  : 
That  the  plan  of  triangulation  is  impracticable;  that  the  American  and  Mexican  surveying 
party  shall  proceed  forthwith  to  run  the  unfinished  portion  of  the  line  ;  take  the  topography 
near  the  line  ;  erect  monuments  at  points  wbcro  the  line  crosses  a  mine,  a  settlement,  a  road, 
or  water. 

It  is  agreed  if  either  party  break  down,  the  other  is  not  to  suspend  or  delay  operations  in 
consequence  of  it. 

It  is  agreed  the  Mexican  party  is  to  determine  the  latitudo  and  longitude  of  some  central 
point  of  the  line  as  a  check  upon  the  tracing  of  the  line,  and  the  result  is  to  he  furnished  the 
American  commissioner,  who  agrees  to  accept  that  determination. 

It  is  further  agreed  that  the  convention  entered  into  between  Sefior  Jimenez  and  Lieutenant 
Michler,  April  26,  and  the  additional  article  agreed  upon  May  1,  18.'i5,  are  approved  in  all  the 
articles  not  in  conflict  with  this  convention. 

W.  H.  EMORY, 

United  States  Commissioner. 
'  FRANO.  JIMENEZ, 
First  Engineer  de  fa  Como.  de  Limites  Mexicano. 

Los  Nooales,  June  21,  1855. 

The  Mexican  commissioner  having  approved  this  step  on  the  part  of  the  first  engineer  of  his 
commission,  the  United  States  commissioner  gave  a  brief  legend  of  operations  up  to  the  111th 
meridian  of  longitude,  and  invited  Mr.  Salazar-  to  inspect  the  notes,  astronomical  and  geodetic, 
upon  which  the  line  was  based,  and  the  rough  draughts  of  the  maps  made  in  the  field. 

The  following  is  the  substance  of  the  legend  : 

After  concluding  all  operations  in  the  vicinity  of  the  Rio  Bravo,  and  pushing  the  line  as  far 
as  was  convenient,  from  that  place,  an  astronomical  station  was  established  at  Carrizalillo, 
which  proved,  from  72  observations  with  46-inch  zenith  telescope,  to  be  in  latitude  31°  W 
55".23  north  ;  and  longitude  107°  56'  03".90,  the  result  of  observations  during  one  lunation. 

Carrizalillo  was  the  nearest  water  to  the  terminal  point  of  the  100-mile  line  near  to  parallel 
31°  47'.  A  monument  was  established  on  the  road  due  south  of  the  observatory,  and  the 
parallel  extended  in  both  directions — east,  until  it  met,  in  the  sand-hills,  the  line  produced  from 
the  Rio  Bravo ;  west,  it  was  extended  to  the  end  of  the  100  miles,  and  the  parallel  was  obtained 
by  measuring  ordi nates  from  the  tangent.  The  100  miles  was  obtained  by  combining  the 
observed  longitude  at  Carrizalillo,  and  the  distance  actually  measured. 

From  the  end  of  the  100  miles  a  line  was  produced  due  south  to  meet  the  parallel  of  31°  20'. 
The  reconnois8ance  to  find  water  at  the  junction  of  the  meridian  and  31°  20*  failed,  and  the 
observatory  was  established  at  the  Espia,  on  the  Rio  Janos,  ten  or  twelve  miles  east  of  the 
meridian.  An  elaborate  set  of  observations  (81)  with  zenith  telescope,  gave  us  the  latitude  of 
this  observatory  31°  20"  56". 45  ;  tho  tangent  of  31c  20'  was  determined  from  this  by  direct 
measurement*  and  produced  to  intersect  meridian,  and  ordinates  laid  off  to  ascertain  parallel. 
After  producing  parallel  about  seven  miles,  it  was  ascertained,  as  will  be  seen  by  the  map,  that 
the  Ojo  del  Perro  was  near  the  line.  The  zenith  telescope  was  reset,  and  a  new  tangent  ob- 
tained ;  which  result  corresponding  well  with  tho  last,  this  tangent  was  produced  to  the  San 
Luis  range  of  mountains.  At  the  San  Luis  springs,  about  thirty  miles  west  of  the  initial  point  of 
the  parallel  3F  20',  a  new  observatory  was  erected,  the  latitude  of  which  (31*  20'  31  "..>!  >  was 
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ascertained  by  more  than  97  observations.  The  tangent  to  the  parallel  31°  20*  was  ascertained 
and  produced  in  both  directions,  east  and  west,  and  the  ordinates  to  the  curve  of  the  parallel 
established.  The  coincidence  between  the  new  tangent  and  the  old  one,  produced  from  Ojo  del 
Perro,  was  satisfactory  ;  after  making  the  necessary  allowance  for  the  difference  of  ordinates,  the 
error  was  found  to  be  only  a  few  feet.  The  tangent  west  was  produced  across  the  level  of  the  San 
Luis  valley  and  the  Guadalupe  Pass,  In  the  uieau  time,  a  new  observatory  was  erected  at  Ban 
Bernardino  springs,  and  the  latitude  obtained  with  the  same  instrument,  and  nearly  the  same  set 
of  Btars,  was  ascertained  to  be  31°  19'  40". 38  by  57  observations.  A  third  tangent  was  produced 
east  and  west,  that  east  being  found  to  correspond  and  verify  the  second  tangent.  This  last  tan- 
gent, being  the  third,  was,  on  account  of  the  absence  of  water,  produced  as  far  as  the  hills  west  of 
the  San  Pedro.  While  this  was  progressing,  the  astronomical  party  established  itself  to  the  north 
of  Santa  Cruz,  on  the  river  of  the  same  name,  and  the  latitude  of  the  point  was  ascertained  to 
be  31°  17'  56".33,  from  73  observations.  From  this,  a  point  on  the  parullel  31°  20',  due  north, 
was  ascertained  by  direct  measurement,  and  a  fourth  tangent  obtained,  as  in  all  the  preceding 
cases,  by  elaborate  measurements  of  the  elongations  of  Polaris.  An  apprehension  was  enter- 
tained that  the  third  tangent,  by  reason  of  its  great  prolongation,  sometimes,  as  in  passing  the 
Guadalupe  mountains,  running  over  rough  country,  might  prove  crooked  ;  but  the  verification 
by  means  of  the  fourth  tangent  was  complete,  showing  the  greatest  probable  error  of  either 
tangent,  a  distance  of  only  15  or  20  feet. 

A  chronometric  reconnoiasance  was  then  made  to  the  westward,  and  it  was  ascertained  that 
the  nearest  durable  water  to  the  intersection  of  the  meridian  of  111  degrees  west  of  Greenwich, 
and  the  parallel  of  31°  20',  was  at  Los  Nogales.  At  this  point  was  established  an  observatory. 
The  transit  and  zenith  instruments  wore  both  mounted ;  and  the  result  of  120  observations 
with  the  latter,  and  observations  during  two  lunations  with  the  first,  gave  for  the  latitude 
31°  21'  00".48,  and  longitude  110°  51'  02".l0  west  of  Greenwich.  From  observations  at  this 
observatory  a  fifth  tangent  was  deducod,  and  extended  by  a  separate  party  in  both  directions, 
running  westward  until  the  1 11th  meridian  of  longitude  was  reached.  Owing  to  the  difficulties 
of  the  country,  the  longitude  was  transferred  by  direct  measurement  and  by  triangulation. 

Before  this  was  concluded,  a  despatch  was  received  giving  the  joint  result  of  the  Mexican  and 
United  States  parties,  of  the  latitude  and  longitude  of  the  initial  point  on  the  Colorado  river. 
With  these  data  the  azimuth  of  the  lino  westward  was  computed  to  be  69°  1?/  45". 9,  and  laid  off 
by  measurements  from  the  elongation  of  Polaris. 

This  left  nothing  to  be  done  but  to  trace  the  line  and  complete  the  topography  between  the 
111th  and  the  Colorado,  and  the  dispositions  made  for  that  are  all  embraced  in  the  convention 
between  Senor  Jimenez  and  myself,  and  Scnor  Jimenez  and  Lieutenant  Michlcr,  to  which  your 
approval  has  been  given. 

Major  Emory,  the  American  commissioner,  further  stated,  that  in  reference  to  the  instru- 
ments used,  and  the  methods  employed  iu  obtaining  result*,  Mr.  Salazar,  tho  Mexican  commis- 
sioner, from  long  experience,  was  familiar  with  the  mode  adopted  by  both  commissions,  and  it 
was  therefore  not  necessary  to  enter  into  particulars — the  notes  would  show  for  themselves  ; 
but  he  begged  to  remind  Mr.  Salazar  that  they  had  discussed' before,  tho  subject  of  longitude, 
and  it  was  agreed  between  them,  that  in  all  determinations  of  longitude  by  the  moon  and 
moon-culminating  stars  they  should  take  the  Greenwich  ephemeris,  and  not  await  tho  publi- 
cation of  the  corresponding  observations  made  at  Greenwich,  as  at  this  distance  it  would 
necessarily  involve  a  delay  of  oighteon  months  or  two  years— a  result  clearly  not  contemplated 
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by  cither  government.  The  correction  due  from  corresponding  observations  cannot  be  foretold, 
but  is  small,  and  as  likely  to  be  to  the  advantage  of  one  as  the  other. 

The  monuments  erected  on  the  line  were  of  two  classes — first,  of  dressed  stone,  laid  without 
mortar  ;  second,  of  round  stones  undressed,  forming  simply  mounds. 

Of  the  first,  one  was  erected  at  the  point  south  of  the  Carrizalillo ;  another  at  the  intersection 
of  meridian  108°  09'  41".8o  and  parallel  31°  20' ;  one  at  San  Luis  springs ;  two  at  San  Bernar- 
dino ;  one  at  San  Pedro;  one  north  of  Santa  Cruz;  one  where  the  line  crosses  {second  time) 
Santa  Cruz  river;  one  at  Los  Nogales ;  and  one  at  intersection  of  111°  and  31°  20'.  Many 
mounds  of  the  second  class  were  erected,  always  at  points  where  the  line  crosses  a  road  or  trail. 
Mr.  Saluzar  stated  that  he  had  erected,  of  dressed  stone,  in  a  permanent  and  durable  manner, 
a  monument  at  the  initial  point  on  the  Bio  Bravo,  and  two  monuments  west  of  that  point. 

To  give  the  Mexican  commissioner  time  to  make  a  thorough  and  critical  examination  of  the 
data  upon  which  the  determinations  are  based,  and  to  inspect  the  maps  and  take  copies  of  such 
portions  of  them  as  he  might  desire,  they  were  placed  in  his  hands,  and  the  commission 
adjourned,  to  meet  in  El  Paso  at  10  o'clock  on  the  ICth. 

W.  II .  EMORY,  U.  S.  Comm'r. 

JOSE  SALAZAB  Y  LARKEGUI,  Com'o  Mex'o. 

El  Pas*,  August  16,  18.">5. 

The  commission  met,  agreeably  to  adjournment. 

Mr.  Salazar,  the  Mexican  commissioner,  stated  he  had  fully  examined  all  the  documents, 
observations,  notes,  and  maps,  and  the  result  of  his  examination  was  an  entire  conviction 
that  the  line  had  been  run  correctly  throughout,  including  those  parts  during  the  running  of 
which  ho  was  necessarily  absent.  But  since  the  subject  had  been  called  to  his  notice  by  Mr. 
Emory,  the  U.  8.  commissioner,  to  the  effect  that,  in  consequence  of  the  absence  of  water  at 
the  time,  only  a  mound  had  been  established  at  the  junction  of  the  meridian  and  parallel  of 
31°  47',  he  thought,  now  that  the  rainy  season  had  commenced,  and  water  was  everywhere  to 
be  found,  a  monument  of  dressed  stone  should  be  erected  at  that  point ;  and  he  stated  he  would 
himself  undertake  to  place  it  at  that  point.  He  stated,  also,  in  consequence  of  the  absenco  of 
water  be  had  not  l>ccn  able  to  place  a  monument,  as  he  had  intended  to  do,  to  the  south  of  the 
Potrillo  mountains,  on  the  parallel  of  31°  47',  and  that  he  would  do  both  at  the  same  time. 

Mr.  Emory,  the  American  commissioner,  stated  his  assent  to  this  proposition,  and  further 
stated,  that  although  he  believed  he  had  erected  monuments  or  mounds  along  the  whole  line 
wherever  the  line  crossed  or  passed  near  permanent  water,  a  road,  a  mine,  or  town,  or,  in  fact, 
any  habitable  point,  yet  he  desired  Mr.  Salazar,  if,  in  the  course  of  his  visitation  of  those  parts 
of  the  line  not  before  examined  by  him  he  should  see  any  point  omitted  where  a  monument 
should  be  placed  or  substituted  for  a  mound,  not  to  hesitate  to  do  so. 

Mr.  Emory  said  he  would  now  state  what  he  had  informally  stated  before,  that  he  had 
directed  Lieut.  Michler  to  send  him  an  express  to  San  Antonio  the  moment  Scfior  Jimenez  and 
himself  finished  the  topography  of  the  line  between  the  111th  meridian  and  the  Colorado. 

The  examination  of  the  notes,  maps,  &c,  being  completed,  and  all  discussion  of  the  differ- 
ent subjects  connected  with  the  lino  being  closed,  the  results  of  the  foregoing  conferences  were 
embodied  in  the  following  articles  of  agreement : 

1.  Mr.  Emory,  the  American  commissioner,  agrees  to  adopt,  unconditionally,  all  monuments, 
mounds,  lines,  and  points  now  established  by  Mr.  Salazar,  the  Mexican  commissioner,  and  by 
T>on  Francisco  Jim«nez,  first  engineer  of  the  Mexican  commission. 
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2.  Mr.  Salazar,  the  Mexican  commissioner,  agrees  to  adopt  unconditionally  all  the  monu- 
ments, mounds,  lines,  and  points  now  established  by  Mr.  Emory,  the  American  commissioner, 
and  by  his  assistants,  reserving  the  right  to  substitute  a  monument  for  a  mound  at  the  inter- 
section of  the  meridian  with  the  parallel  of  31°  4T,  aud  to  erect  a  mound  or  monument  on  the 
same  parallel  to  the  south  of  the  Potrillo,  and  at  any  point  along  the  line  already  established 
whore  it  may  appear  to  him  necessary,  and  where  heretofore  it  was  impracticable,  owing  to  the 
absence  of  water. 

3.  The  two  commissioners  agree  to  declare,  and  do  declare,  the  line  surveyed,  marked,  and 
established  as  far  as  the  111th  meridian  of  longitude,  as  the  true  line  of  boundary  between  tho 
two  republics,  and  they  agree  also  to  declare,  and  do  declare,  the  line  established  from  the 
111th  to  its  intersection  with  the  Colorado,  the  true  line  between  the  two  republics.  They 
further  agree  to  declare  the  line  fully  surveyed,  marked,  and  established  through  its  whole 
extent  as  soon  as  notification  is  received  from  ScHor  Jimenez  and  Lieutenant  Michler  that  the 
topography  of  the  lost  named  line  is  completed  between  the  111th  meridian  and  the  Colorado 
river,  and  it  shall  be  the  duty  of  each  to  inform  the  other  when  such  notification  is  received, 
and  also  to  report  to  their  respective  governments  that  all  the  field-work  of  the  boundary  ia 
concluded. 

4.  To  carry  out  the  stipulations  in  tho  first  article  of  tho  treaty  of  December .  30th,  1853, 
requiring  the  commissioners  to  mako  proper  plans  of  their  operations.  It  is  agreed  that  tho 
two  commissioners,  with  their  assistants,  shall  meet  in  the  city  of  Washington  on  the  first  day 
of  April,  1856. 

W.  H.  EMORY,  XJ.  S.  Commissioner. 

JOSE  SALAZAR  Y  LARREGUI,  Comm'o  Mex'a. 

There  being  no  further  business  before  the  commission,  it  adjourned,  to  meet  in  Washington, 
April  1,  1856. 

W.  H.  EMORY,  XJ.  S.  Commissioner. 

JOSE  SALAZAR  Y  LARREGUI,  Comm'o  Mex'a. 


AGREEMENT  BETWEEN  LIEUTENANT  MICHLER  AND  SENOR  JIMENEZ,  REFERRED  TO  AT  THE  MEETING  OF  THE 
JOINT  COMMISSION,  AUGUST  14,  MADE  AT  CAMP  NEAR  THE  INITIAL  TOINT  ON  THE  RIO  COLORADO,  ON  THE 
TWENTY-SIXTH  OP  APRIL,  1855. 

According  to  article  first  of  the  treaty  of  December  30,  1853,  between  the  republics  of  the 
United  States  and  Mexico,  we,  the  undersigned,  duly  authorized  to  fix  the  initial  point  on  the 
Rio  Colorado,  twenty  English  miles  below  the  junction  of  this  river  with  the  Gila,  and  to  trace 
and  mark  the  line  from  this  point  to  tho  intersection  of  tho  parallel  of  31°  20'  north  latitude, 
with  the  111th  meridian  of  longitude  west  from  Groenwich — all  the  operations  necessary  to 
determine  this  point  and  the  direction  of  tho  lino  having  been  completed— agree  as  follows  : 

1.  That  the  latitude  of  said  initial  point,  by  a  mean  of  the  results  obtained  by  each  party, 
is  32°  29*  44".45  north,  and  that  tho  longitude  is  114°  48'  44".53  west  from  Greenwich,  deter- 
mined from  a  triangulation  by  N.  Michler,  lieutenant  Topographical  Engineers,  United  States 
army,  who  has  transferred  the  position  of  tho  monument  on  the  old  boundary  line  near  the  junc- 
Vol.  I  5 
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tion  to  tho  now  initial  point.  This  longitude  has  been  adopted  by  Mr.  FranciBco  Jimenez, 
first  engineer  Mexican  boundary  commission,  although  he  proposed  to  refer  it  by  flashes 
between  the  two  points.* 

2.  That  with  the  above  data  the  computed  azimuth  of  tho  lino  running  eastward  is  found  to 
bo  71°  20'  43".8  southeast  at  tho  initial  point,  and  69°  19'  45  '.9  northwest  at  the  end  of  the 
line,  and  the  distance  between  the  two  points  is  382,844.87  metres,  equal  to  237.63565  English 
miles.  Having  commenced  to  trace  said  line  on  the  bank  of  the  river,  distant  from  the  initial 
point  964.02  metres,  equal  to  3,164.84  English  feet,  tho  azimuth  at  this  point,  newly  computed, 
was  found  to  bo  71°  20'  25"  southeast. 

3.  That  the  line  be  traced  by  both  parties  at  the  same  time,  each  alternating  with  the  other 
at  the  successive  stations  ;  that  tho  distance  of  the  line  be  measured  by  triangnlation,  one  party 
operating  from  tho  initial  point  to  the  environs  of  Sonoyta,  the  other  thence  to  the  termination 
of  the  lint; ;  and  that  the  results  be  mutually  exchauged. 

4.  That  at  all  prominent  points  of  the  line  which  are  deemed  proper,  suitable  monuments, 
from  such  materials  as  arc  at  hand,  bo  erected  to  mark  it. 

5.  That  the  point  where  the  line  has  commenced  to  be  traced  be  called  by  the  Roman  number 
(1 ;)  that  all  succeeding  stations  shall  be  in  the  order  (II,)  (III,)  (IV,)  &c,  &c. 

C.  That  as  it  is  impossible  to  place  a  permanent  monument  at  the  starting  point  (I)  of  tho 
line,  an  iron  monument  has  been  placed  at  station  (II)  in  the  direction  of  the  line,  and  distant 
from  Btation  (I)  3171.12  metres,  equal  to  10404.12  English  feet;  computed  latitude  of  said 
monument,  32°  29'  0V.48  north,  and  longitude  114°  46'  14".43  west  of  Greenwich. 

7.  That  the  above  bo  submitted  to  tho  consideration  of  the  commissioners  of  the  respective 
countries  for  their  approval. 

N.  MICHLER,  Lieut.  Topi  Enyrs.  U.  8.  A., 

U.  S.  Boundary  Commission. 
FRANCISCO  JIMENEZ, 

1st  Ingo.  de  la  Com.  del  Limite  Mcx'o. 

After  having  signed  the  abovo  agreement  the  tracing  of  the  line  was  continued,  in  accordance 
with  the  same,  from  station  II  to  station  III,  a  distance  of  829.81  metres.  From  station  III  a 
party  was  sent  to  a  point  of  the  mountain  range,  about  twenty-fivo  miles  distant,  to  endeavor  to 
establish  station  IV.  This  party  having  made  a  reconnoissance  of  the  country  for  tho  purpose  of 
finding  water,  was  unsuccessful  in  discovering  sufficient  for  the  wants  of  even  the  small  number 
of  men  necessary  to  execute  tho  work ;  the  nature  of  the  country  forbid  the  practicability  of 
furnishing  by  any  means  of  transportation  what  was  deemed  necessary,  as  it  is  a  continuous 
desert  of  heavy  sand,  entirely  destitute  of  vegetation.  A  parly  previously  sent  to  reconnoitre 
the  country  for  water  ulso  brought  tho  intelligence  that  not  a  drop  was  to  be  had  from  tho 
Colorado  to  Quitobaquita,  a  distance  of  one  hundred  and  twenty-five  miles  in  the  direction 
of  the  line.  In  consequence,  therefore,  of  the  utter  impracticability  of  prosecuting  tho  work 
from  the  west  end  of  the  lino,  we,  tho  undorsigned,  on  this  the  first  day  of  May,  1855,  agreo  to 
add  the  following  article  to  tho  above  agreement : 

8.  That  both  parties  cease  operations  at  the  west  end  and  proceed  to  tho  east  end  of  the  line, 
by  the  road  along  the  Gila,  tho  only  one  available  at  this  season  of  the  year,  there  to  fix  tho 

«N.rnL    Captain  Jimi-ru-r.  Ktibw.'iuvntlj-  edited  the  monument  on  tlio  ol.l  1  Rjumlury.  nml  the  new  initiiU  pviut  on  tho  ^  '  • 

Culuriulo,  to  Ik  louncclcd  hy  truiiigutoliun,  uiul  obtained  the  uuue  result  a*  IJcuWnnnt  MkhKr. 
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point  of  intersection  of  the  parallel  of  31°  20'  north  latitude  with  the  111th  meridian  west  of 
Greenwich,  and  afterwards  to  proceed  to  trace  the  Hue  from  that  point  westward  as  far  as 
practicable. 

N.  MICHLER,  Lieut.  Topi.  Enyrs.  U.S.A., 

U.  S.  Boundary  Commission. 
FRANCISCO  JIMENEZ, 

1st  Ingo.  de  la  Com.  del  Limite  Mex'o. 

Washington,  December  18,  1855. 

Sir  :  I  communicated  to  you,  a  few  days  ago,  a  telegraphic  despatch  roporting  the  completion 
of  the  survey  of  the  boundary. 

I  have  now  the  honor  to  inform  yon  that  I  have  received  official  information  of  the  arrival 
of  the  last  surveying  party  of  the  commission  in  San  Antonio,  and  the  completion  of  the  work 
assigned  to  it. 

I  have  also  to  communicate  to  you  tho  copy  of  a  letter  from  Sonor  Salazar,  tho  Mexican  com- 
missioner, iu/orming  me  of  the  complete  fulfilment  of  the  3d  article  of  the  convention  with 
him,  signed  August  lf>. 
The  field-work  of  the  boundary  commission  is  therefore  at  an  end. 
I-  have  the  honor  to  be,  your  obedient  servant, 

W.  H.  EMORY,  U.  S.  Commissioner. 

Hon.  Robert  McClelland,  Secretary  of  the  Interior. 

[Translation.] 

Janos,  October  15,  1855. 
Sib  :  Lieut.  Michlcr  has  just  delivered  to  me,  personally,  an  official  note,  whereby  I  am 
informed  that  the  survey  of  tho  lino  between  tho  meridian  of  111°  and  tho  Colorado  has  been 
completed. 

This  I  have  communicated  to  my  government ;  and  I  advise  you  of  tho  same,  hoping  that 
you  will  be  pleased  to  communicate  it  to  that  of  the  United  States,  conformably  to  tho 
resolution  of  article  3d  of  the  convention  held  on  the  16th  of  August  of  the  present  year. 

I  have  the  pleasure  again  to  subscribe  myself,  with  tho  greatest  respect,  your  obedient 
•ervant, 

JOSE  SALAZAR  Y  LARREGUI, 

Mexican  Commissioner,  dc,  dx. 

Col.  W.  IT.  Emory, 

United  States  Commissioner. 

[Translation  of  official  document  unt  by  Mr.  Salazar  to  tho  government  of  Mexico.] 

Excellent  Sir  :  With  my  note  under  date  of  the  20th  August,  I  enclosed  to  you  copies  of 
the  last  meeting  held  by  the  commissioner  of  the  United  States  and  myself  on  the  14th,  16th, 
and  20th  of  that  month.  By  the  3d  article  of  the  agreement  of  the  16th,  your  excellency  will 
have  seen  that  we  agreed  on  declaring,  and  do  declare,  in  effect,  that  the  line  was  completely 
surveyed,  marked,  and  fixed  in  all  its  length,  so  soon  as  notice  was  received  from  Scflor  Jimenez 
and  Lieut.  Michler  that  the  topography  of  the  last-mentioned  line  had  been  completed  between 
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the  111th  meridian  and  the  Colorado ;  and  tho  8amo  3d  article  imposes  upon  ua  the  mutual 
obligation  to  adviso  each  other,  and  our  respective  governments,  that  all  the  field-work  of  the 
lino  was  concluded. 

In  complying  with  the  3d  article  of  this  convention,  celebrated  on  the  16th  August,  between 
the  American  commissioner  (Major  "W.  H.  Emory)  and  myself,  I  now  notify  your  excellency 
that  the  topography  of  the  line  between  the  111th  meridian  and  the  Colorado  is  now  complete, 
by  the  acknowledgment  of  Messrs.  Jimenez  and  Lieut.  Michler,  as  your  excellency  will  sco  by 
tho  original  letter,  which  is  herewith  enclosed,  and  which  was  handed  to  me  in  person  by 
Lieut.  Michler,  who  to-day  takes  his  departure  for  the  United  States ;  and  Lieut.  Michler 
also  informed  me  that  Senor  Jimenez  had  started  on  the  1st  instant  for  the  city  of  Mexico,  after 
they  had,  together,  concluded  and  officially  agreed  upon  tho  lino  which  had  been  placed  under 
their  charge. 

All  the  work,  therefore,  necessary  for  the  surveying,  marking,  and  establishing  of  tho 
boundary  line  between  Mexico  and  tho  United  States,  in  conformity  with  the  treaty  of  the  30th 
of  December,  1853,  is  now  terminated. 

In  carrying  out  still  further  the  requirements  of  tho  said  3d  article  of  the  convention  with 
tho  commissioner  of  the  United  States,  I  have  to-day  written  him  as  follows  : 

"  Jakos,  October  15,  1855. 
"Sir:  Lieut.  Michler  has  just  handed  to  me,  in  person,  an  official  note,  by  which  I  am 
informed  that  tho  topography  of  tho  lino  between  tho  meridian  111°  and  the  Colorado  is  com- 
pleted, the  which  I  have  communicated  to  my  government ;  and  I  advise  you  of  the  same, 
trusting  that  you  will  also  communicate  tho  fact  to  the  United  States,  in  conformity  with  the 
3d  article  of  the  convention  made  between  us  the  ICth  August. 
"  With  great  respect,  I  have  Che  honor  to  be,  &c, 

"JOSE  SALAZAR  T  LARREGUI. 

"  Sr.  Don  W.  H.  Emory, 

«Cornmiseionerofthe  United  Slates:' 

And  now,  most  excellent  sir,  the  treaty  indicates  who  should  declare  surveyed,  marked,  and 
established  (or  fixed)  tho  boundary  line,  and  gives  to  the  commissioners  ample  powers ;  and 
thus  no  doubt  can  exist  that  the  commissioners,  aud  not  the  governments,  can,  and  must,  mako 
this  declaration.  This  was  accordingly  done  by  Major  Emory  and  myself,  as  such  commission- 
ers, by  our  convention  on  the  16th  of  August,  as  shown  by  its  terms,  with  the  sole  condition 
that  it  shall  be  valid  whenever  either  of  us  received  the  advice  which  I  have  just  communicated 
to  your  excellency  and  to  the  American  commissioner.  It  now  only  remains  for  the  govern- 
ment of  tho  United  States  to  fulfil  its  part  of  the  obligations  imposed  by  the  3d  article  of  the 
treaty. 

God  and  liberty.    Janos,  October  15,  1855. 

JOSE  SALAZAR  Y  LARREGUI. 
His  Excellency  the  Mixicter  of  Foreign  Relations,  Mexico. 
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Washington  City,  June  24,  1856. 


In  pursuance  of  previous  adjournment,  the  two  commissioners  met  this  day  at  tho  office  of 
the  joint  commission.  Senor  Salazar  stated  that  after  he  separated  from  Mr.  Emory  on  the 
20th  August,  1855,  he  reviewed  with  his  parties  the  different  lines  of  the  boundary  ;  that  is  to 
say,  the  parallel  31°  47'j  the  meridian,  and  the  parallel  31°  2V,  on  which  lines  the  Mexican 
commission  executed  the  following  work  : 

From  tho  point  south  of  El  Carrizalillo,  on  which  was  erected  a  monument,  he  observed 
minutely  on  Polaris  to  determino  the  primo  vertical  on  both  sides,  east  and  west.  The  prime 
vertical  and  the  parallel  31°  47'  were  connected  by  a  triangulation— on  the  east  side  with  that 
which  had  been  made  at  the  initial  point,  and  on  tho  west  side  with  tho  intersection  of  meri- 
dian. By  thiB  triangulation  five  points  to  the  east  were  fixed,  at  which  points  he  caused  to  be 
erected  monuments  of  stone,  with  mortar,  because  he  found  not  one  established  by  the  United 
States  commission  in  said  direction. 

The  monument  at  the  road  was  reconstructed  of  -stone,  with  mortar.  Upon  all  of  them  was 
inscribed  the  abridged  inscription  agreed  upon.  This  lino  was  thon  marked  with  ten  monu- 
ments. That  at  the  west  end  he  caused  to  be  erected  of  dressed  stone  with  mortar,  and 
inscribed  with  the  complete  inscription  agreed  upon,  similar  to  that  which  was  erected  at  tho 
initial  point  cn  the  Bio  Bravo. 

Mr.  Salazar  stated  that  ho  observed  at  the  south  end  of  tho  meridian  for  latitude  and  longi- 
tude, his  results  differing  very  little  from  those  of  the  United  States  commission ;  that  from 
this  point  was  carried  north  a  triangulation  which  was  connected  at  the  north  end  with  that 
made  on  the  parallel  31°  47',  and  was  used  to  determine  the  position  of  said  end  on  the  parallel 
and  on  the  meridian  ;  that  these  two  extreme  points  were  left  where  tho  United  States  com- 
mission established  them  ;  that  having  found  no  monument  between  them,  he  caused  ono  to  bo 
erected  intermediate,  in  sight  of  the  Ojo  de  los  Mosquitos,  of  dressed  stone  laid  in  mortar,  with 
the  usual  inscriptions  ;  that  the  monument  at  the  south  end  was  erected  of  dressed  stono  and 
mortar  with  inscriptions  similar  in  all  respects  to  those  at  the  north  end  and  at  the  initial  point. 
On  the  parallel  31°  20',  besides  tho  observations  he  made  at  the  intersection,  ho  observed  for  lati- 
tude at  San  Luis  springs,  at  San  Bernardino,  and  San  Pedro  river ;  he  found  monuments  at  the  two 
first  named  points,  but  none  at  the  last ;  that  his  observations  proved  that  the  point*  were  on 
the  parallel  31°  20*,  and  he  caused  monuments  to  be  erected  at  these  points  with  mortar, 
having  the  usual  inscriptions  upon  them,  and  that  he  thought  it  proper  to  erect  a  monument 
of  the  same  kind  in  Guadalupe  Pass. 

Mr.  Emory  stated  his  entire  satisfaction  with  what  had  been  done  by  Mr.  Salazar,  and  gave 
his  assent  thereto,  except  with  regard  to  the  monument  at  San  Pedro  river.  He  desired  to  call 
in  Mr.  Weyss,  who  was  with  Mr.  Von  Hippel  when  the  monument  was  erected  on  the  San  Pedro. 
His  own  recollection  was,  that  a  very  substantial  monument  had  been  erected  aft  the  San  Pedro 
by  the  United  States  commission. 

Mr.  Weyss  was  brought  beforo  tho  commissioners,  and  stated  that  a  monument  of  dressed 
stone,  with  tho  usual  inscription,  was  erected  on  the  parallel  31°  20',  three  thousand  eight 
hundred  and  twenty-five  feet  west  of  the  San  Pedro  river.  The  maps  and  views  were  exhibited 
showing  the  exact  locality  of  thia  monument.  Mr.  Emory  stated,  if  the  Indians  had  destroyed 
that  monument  it  was  all  very  well ;  but  if  it  was  still  standing,  there  might  be  some  discrep- 
ancy, amounting,  possibly,  to  1"  of  arc,  or  one  hundred  feet  between  tho  latitude  of  the  monu- 
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mont  erected  by  Mr.  Salazar  and  that  erected  under  his  orders.  If  so,  it  might  hereafter, 
•when  tho  country  was  settled,  produce  confusion. 

Mr.  Salazar  stated,  that  in  case  both  existed  he  would  take  the  monument  erected  by  Mr.  Yon 
Ilippel  as  the  true  boundary.    Assented  to  by  Major  Emory. 

The  commission  then  adjournod,  to  moot  at  9"  30*  to-morrow  morning. 

WAsnruaTOK  City,  June  25,  185C. 

Commission  met  at  9"  30"  a.  m.,  and  the  following  preamble  and  resolution  were  adopted: 

Whereas  Senor  Salazar  has  stated  it  to  be  within  his  personal  knowledge  that  some  of  the 
monuments  erected  by  Mr.  Emory  were  destroyed  and  others  mutilated  by  tho  Indians,  in  the 
short  space  of  time  elapsing  between  the  construction  of  these  monuments  and  tho  final  inspec- 
tion of  them  by  Mr.  Salazar;  and  whereas  it  appears,  from  the  maps  and  views  which  have  been 
drawn,  that  the  topographical  features  of  the  country,  based  upon  astronomical  determinations, 
are  represented  in  sufficient  detail  to  enable,  any  intelligent  person  to  identify  the  line  at  any 
required  point ;  therefore,  be  it 

Resolved,  and  agreed  upon  in  joint  commission,  that  these  maps  and  views,  duplicate  copies 
of  which  will  be  made — one  to  be  deposited  with  the  United  States,  the  other  with  the  Mexican 
government — shall  bo  the  evidence  of  the  location  of  the  true  line,  and  shall  be  the  record  to 
which  all  disputes  between  the  inhabitants  on  either  side  of  tho  line,  as  to  the  location  of  that 
line,  shall  be  referred ;  and  it  is  further  agreed  that  tho  line  shown  by  these  maps  and  viows 
shall  be  regarded  as  the  true  line,  from  which  there  shall  be  no  appeal  or  departure. 

Mr.  Salazar  proposed,  with  tho  view  of  carrying  out  the  labors  to  the  end  in  the  soonest 
time,  that  the  detailed  maps  be  made,  one  copy  by  each  commission,  on  a  scale  of  tt£tt>  and  a 
general  map  of  the  whole  boundary  on  a  scale  of  1 6  t't  1 1 .  That  at  tho  end,  when  tho  total 
work  was  done,  the  maps  should  be  signed,  to  be  given  to  tho  respective  governments,  and  the 
two  commissions  should  exchange  the  topographical  and  astronomical  data  by  which  each  com- 
mission has  arrived  at  its  results  in  tho  field. 

Mr.  Emory  stated  that  he  had  constructed  the  maps  of  tho  country  from  San  Diego  to  tho 
Colorado  on  the  scale  of  r«lo*  ;  the  projections  for  the  maps  of  all  the  other  portion  were  on 
a  scale  of  ^vios-  It  would  be  exceedingly  inconvenient,  if  not  impracticable,  to  reconstruct 
them ;  he  therefore  proposed  that  Mr.  Salazar's  proposition  should  be  so  far  modified  as  to 
leave  the  California  section  of  the  work  to  stand  as  it  is,  on  a  scale  of  rdm-  This  was  assented 
to  by  Mr.  Salazar,  and  it  was  agreed  as  follows,  viz : 

That  the  detailed  maps  of  the  California  section  of  the  work  shall  be  received  on  a  scale 
of  ivkm,  tho  detailed  maps  for  all  the  other  portion  of  the  boundary  shall  bo  completed  on 
a  scale  of  C0JJ8,  and  that  a  general  map  of  the  boundary  Bball  bo  constructed  on  a  scale 
°f  nnsVsy,  whi^h  maps,  when  completed,  shall  form  the  evidence  of  tho  true  line  referred  to  in 
the  agreement  made  this  dav. 

*\V.  H.  EMORY. 

JOSE  SALAZAR  Y  LARREGUI. 
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CHAPTER  III. 

GENERAL  DESCRIPTION   OF   THE  COUNTRY. 

HVITABURirM  Ail  A  BOCXDABT. — CIBKAT   l-LATEAC  OP  AUEBICM  AXD   MOCXTAU   RAXOE8 — nKTRUHIOS    OF   HOCTXTAINB  JTEAB  Till 


The  boundary  between  the  United  States  and  Mexico,  extends  entirely  across  the  continent 
from  ocean  to  ocean.  That  portion  of  it  which  is  formed  by  the* Rio  Bravo,  below  the  mouth  of 
the  San  Pedro,  or  Devil's  river,  of  Texas,  makes  a  boundary,  which,  in  the  absence  of  extradition 
laws,  must  always  be  a  source  of  controversy  between  the  United  States  and  Mexico. 

In  other  respects,  the  boundary  is  a  good  one ;  and  if  the  United  States  is  dotormined  to 
resist  what  appears  to  me  the  inevitable  expansive  force  of  her  institutions  and  people,  and  set 
limits  to  her  territory  before  reaching  the  Isthmus  of  Darien,  no  line  traversing  the  continent 
could  probably  be  found  which  is  better  suited  to  the  purpose. 

In  this  respect  it  is  fortunate  that  two  nations,  which  differ  so  much  in  laws,  religion, 
customs,  and  physical  wants,  should  be  separated  by  lines,  marking  great  features  in  physical 
geography. 

The  boundary  is  embraced  in  the  zone  separating  the  tropical  from  the  temperate  and  moro 
northern  regions.  Hero,  waters  unito,  some  of  which  are  furnished  by  the  melting  of  northern 
snows,  whilst  those  from  the  south  are  supplied  from  mountains  watered  by  the  tropical  rains. 
To  the  north  of  this  zone,  the  showers  from  the  tropics  cease  to  refresh  the  earth,  and  within 
it,  all  the  flora  and  fauna  which  characterize  the  northern  and  temperate  regions  almost  dis- 
appear, and  are  not  entirely  supplanted  by  those  of  the  tropics. 

It  is  indeed  a  neutral  region,  having  peculiar  characteristics,  so  different  as  to  stamp  upon 
vegetable  and  animal  life  features  of  its  own. 

The  most  remarkable  and  apparent  difference  between  this  region  and  those  of  tho  States  of 
the  Union  generally,  and  that  which,  perhaps,  creates,  as  much  as  any  other  one  cause,  tho 
difference  in  its  botanical  and  zoological  productions,  is  the  hygrometric  state  of  the  atmosphere ; 
for,  while  tho  plants  and  animals  assume  new  forms  in  life,  the  crust  of  the  earth,  the  soil,  and 
the  rocks,  are  everywhere  familiar,  and  have  many  types,  indeed  foe  similes,  over  tho  rest  of 
the  American  continent. 

It  is  very  arid  ;  but  this  is  also  the  character  of  all  the  country  north  of  the  tropics,  and  west 
of  the  100th  meridian  of  longitude,  until  you  reach  the  last  slope  to  the  Pacific—  a  narrow  belt, 
seldom  exceeding  200  miles  in  width,  and  sometimes  not  more  than  ten.  The  zone  extending 
from  the  Gulf  of  Mexico  to  the  Pacific,  embracing  the  boundary,  contains  a  large  proportion  of 
arid  lands  ;  yet  this  dry  region  is,  perhaps,  narrower  on  the  line  of  boundary  than  on  any  por- 
tion of  the  continent  north  of  it,  within  the  limits  of  the  United  States,  and  is  occasionally  re- 
freshed by  showers  in  the  summer  season,  and  so  far  presents  an  advantage  over  the  arid  belt 
to  the  north. 
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A  general  description  of  tho  topographical  features  of  the  country  along  the  boundary  be- 
tween the  United  States  and  Mexico,  (traversing  the  whole  breadth  of  the  continent,)  cannot  be 
made  comprehensive,  without  presenting  in  the  same  view  the  great  outline  of  the  continent 
itself. 

It  is  now  well  known  that  the  most  cxtensivo  feature  in  the  continent  is  the  plateau,  or  table- 
land, which  traverses  this  country  from  the  unexplored  region  of  the  north  to  its  southernmost 
extremity,  varying  in  width  from  five  miles  to  one  thousand,  attaining  its  greatest  elevation  in 
the  Andes  of  South  America,  its  least  elevation  and  breadth  on  the  Isthmus  of  Panama  and  in 
Central  America,  and  its  greatest  breadth  about  the  parallel  of  38°  north  latitude.  On  the 
northern  portion  of  the  continent,  this  plateau  attains  its  greatest  height  in  Mexico,  where 
it  is  ten  thousand  feet  above  the  level  of  the  sea.  Its  lowest  depression  is  along  the  line  of 
boundary,  about  tho  parallel  of  32°  north  latitude,  whero  it  is  about  four  thousand  feet 
above  tho  sea.  Thence  it  ascends  again,  and  preserves  an  elevation  varying  from  seven  to  eight 
thousand  feet,  to  near  the  49th  parallel,  where  it  is  again  depressed.  This  plateau,  both  in 
North  and  South  America,  occupies  the  western  side  of  the  continent  and  is  traversed  by  ranges 
of  mountains,  the  highest  peak  of  which,  in  North  America,  is  Mouqt  Elius,  17,000  feet  above 
the  sea,  and  in  South  America  is  Mount  Aconcagua,  21,500  feet  above  the  sea.  The  climatic 
features  in  this  plateau,  within  the  United  States,  are  excessive  dryness  aud  great  changes  of 
temperature  between  night  and  day,  often  as  much  as  65°. 

The  principal  ranges  of  these  mountains  in  North  America,  naming  them  in  the  order  of 
their  proximity  to  the  coast  of  the  Pacific  ocean,  are,  first,  the  Cordilleras  of  California  and 
Oregon,  or  tho  Coast  Range  of  mountains ;  second,  tho  Sierra  Nevada,  (which,  as  its  name 
denotes,  is  a  ridge  of  mountains  and  craggy  rocks,  covered  with  snow  ;)  third,  the  Sierra  Mad  re, 
another  range  of  mountains,  which  was  supposed  to  separate  tho  waters  flowing  into  the  two 
oceans  ;  and,  fourth,  the  Rocky  mountains. 

The  idea  conveyed  by  the  name  Sierra  Madro  is  very  generally  adopted  by  tho  Mexicans,  yet 
I  doubt  very  much  if  any  continuous  ridgo  or  chain  of  mountains  can  be  found  which  separates 
the  waters  flowing  into  the  Pacific  from  those  flowing  into  the  Atlantic.  I  am  also  quite  well 
satisfied  that  tho  mountains  known  as  Sierra  Madre,  in  New  Mexico,  are  uot  the  same  rango  as 
those  known  by  that  name  in  Chihuahua  and  Sonora,  and  that  both  are  distinct  from  tho  range 
west  and  south  of  Monterey  of  the  same  name  ;  but  the  Coast  Range,  the  Sierra  Nevada,  and 
the  Rocky  mountains,  preserve  a  very  considerable  continuity  throughout  tho  limits  of  the 
United  States.  The  CoaBt  Range  follows  tho  generally  northwest  direction  of  tho  beach  of  the 
Pacific  coast,  and,  for  a  very  considerable  distance,  rises  abruptly  from  the  sea.  Along  the 
whole  coast  it  is  in  view  of  tho  navigator,  presenting  an  imposing  and  ever-changing  panorama. 
It  may  be  said  to  terminate  at  Cape  San  Lucas,  the  southern  extremity  of  Lower  California. 

It  is  the  slope  towards  the  sea  of  this  rango  of  mountains  which  forms  the  western  border  of 
the  arid  region,  and  is,  in  my  judgment,  tho  only  continuous  agricultural  country  west  of  the 
100th  meridian.  There  arc  many  detached  valleys  and  basins  affording  facilities  for  irrigation, 
where  tho  cereals,  the  vine,  aud  all  the  plants  which  conduce  to  the  comfort  of  man,  are  pro- 
duced luxuriantly  ;  but  they  form  the  exception  rather  than  the  general  rule,  and  are  separated 
by  arid  plains  or  mountains. 

The  Sierra  Nevada,  the  Cascade  Range,  and  tho  Rocky  mountains,  preserve  a  general 
parallelism  to  each  other  and  to  that  of  the  Coast  Range.  Commencing  at  the  north,  they 
can  be  traced  continuously  until  we  reacli  to  within  a  few  degrees  of  latitude  of  th«  region 
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of  the  boundary,  where  occurs,  in  all  the  ranges  except  the  Coast  Range,  the  remarkable 
depression  in  the  continent,  or  rather  absence  in  the  continuity  of  the  ranges  of  mountains, 
hereafter  to  be  described. 

The  Sierra  Nevada,  in  latitnde  33°  N.,  branches ;  one  great  division  unites  with  the  Coast 
Range,  forming  the  elevated  promontory  of  Lower  California,  and  presenting,  when  figured 
on  the  map,  the  appearance  of  the  letter  Y,  (Tulare  valley  resting  in  the  fork  of  the  letter ;) 
other  branches  or  spurs  are  thrown  off  in  a  southeast  direction,  crossing  the  Gila  at  the  mouth, 
and  many  miles  above,  and  traversing  the  newly-acquired  territory  in  the  meridian  of  Santa 
Cruz  and  Tucsou. 

That  range,  as  well  as  the  Sierra  Madre  and  the  Rocky  mountains,  about  the  parallel  of  32°, 
lose  their  continuous  character,  and  assume  the  forms  that  are  graphically  described  in  the  western 
country  as  lo»t  mountains — that  is  to  say,  mountains  which  have  no  apparent  connexion  with 
each  other.  They  preserve,  however,  their  general  direction  N.  W.  and  S.  E.,  showing  that 
the  upheaving  power  which  produced  them  was  the  same,  but  in  diminished  and  irregular  force. 
They  rise  abruptly  from  the  plateau,  and  "disappear  as  suddenly,  and,  by  winding  around  the 
bases  of  these  mountains,  it  is  possible  to  pass  through  the  mountain  system,  in  this  region, 
near  the  parallel  of  32°,  almost  on  the  level  of  the  plateau  ;  so  that  if  the  sea  were  to  rise  4,000 
feet  above  its  present  level,  the  navigator  could  cross  the  continent  near  the  32d  parallel  of 
latitude.  He  would  be  on  soundings  of  uniform  depth,  from  the  Gulf  of  California  to  the  Pecos 
river.  lie  would  see  to  the  north  and  to  the  south  prominent  peaks  and  sierras,  and  at  times 
his  passage  would  be  narrow  and  intricate.  At  El  Paso  he  would  be  within  gun-shot  of  both 
shores. 

I  noticed  this  remarkable  depression  in  the  continent,  in  an  exploration  made  by  me  in  1846, 
and  called  to  it  the  attention  of  Mr.  Buchanan,  then  Secretary  of  State  ;  and  it  was  upon  this 
information  that  he  instructed  our  minister,  then  negotiating  the  treaty  of  Guadalupe  Hidalgo, 
not  to  take  a  line  north  of  the  32d  parallel  of  latitude,  in  the  boundary  between  the  United 
States  and  Mexico. 

Passing  to  the  south  of  this  parallel,  in  about  that  of  31°,  we  find  the  plateau  rising  rapidly 
to  the  table-lands  of  Mexico,  the  ranges  above  described  are  no  longer  traceable,  and  the  plateau 
gives  evidence  of  having  been  disturbed  by  tremendous  pi u tonic  forces,  and  the  mountains 
assume  a  loftier  and  more  rugged  and  diversified  appearance.  As  I  have  said  before,  the  Sierra 
Madre  range  of  mountains  cannot  be  traced  distinctly  with  our  present  information. 

The  Rocky  mountains,  near  the  head-waters  of  the  Rio  Bravo,  throw  off  spurs,  which  add 
to  the  confusion  and  make  it  difficult  to  separate  the  range  from  that  called  in  New  Mexico 
the  Sierra  Madre. 

It  may  be  a  question  whether  the  Rocky  mountain  range  is  not  divided  by  the  Rio  Bravo  ; 
and  if  so,  that  which  I  have  designated  as  the  Sierra  Madre  of  New  Mexico  will,  in  that  ca.no, 
become  a  spur  of  the  Rocky  mountains.  The  geological  formations  to  which  I  shall  presently 
refer,  seem  to  favor  this  hypothesis.  If  this  hypothesis  be  true,  the  Sierra  Madre  of  New 
Mexico  and  the  Rocky  mountain  system  are  the  same,  and  are  only  divided  by  the  Rio  Bravo. 
But  this  is  a  question  which  does  not  affect  the  general  topographical  description  of  the 
country,  and  may  be  disregarded  here.  What  I  have  described  refers  more  particularly  to  the 
country  west  of  the  Rio  Bravo. 

The  Rocky  mountain  system,  commencing  in  the  north,  beyond  the  source  of  this  river,  and 
beyond  the  limits  of  the  49th  degree  of  north  latitude,  is  the  distinguishing  feature  of  the 
Vol.  I  6 
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country  cast  of  that  river  until  wo  reach  the  great  plains  lying  between  the  base  of  those 
mountains  and  the  valley  of  the  Mississippi.  The  axis  of  maximum  elevation  preserves  a 
general  parallelism  to  the  Sierra  Nevada  range.  Its  principal  chain,  after  passing  the  36th 
parallel  of  latitude,  becomes  less  elevated,  and  finally  terminates  in  the  Organ  mountains  near 
El  Paso,  re-appearing  again  to  the  south  and  east,  and  becoming  at  last  merged  in  the  great 
mountain  masses  in  Mexico. 

Another  branch  of  these  mountains  diverges  about  the  head  of  the  Pecos,  and  running  south 
with  unequal  elevation,  crosses  the  Rio  Bravo  between  the  102d  and  lOCth  meridian  of  longi- 
tude, forming  the  great  bend  in  that  river,  and  producing  one  of  the  most  remarkable  features 
on  the  face  of  the  globe — that  of  a  river  traversing  at  an  oblique  angle  a  chain  of  lofty  mount- 
ains, and  making  through  these,  on  a  gigantic  scale,  what  is  called  in  Spanish  America  a 
ran. m — that  is,  a  river  hemmed  in  by  vertical  walls. 


Entrance  to  CaCon  of  Sierra  I 'mine  I,  Rio  Bravo  del  Norti*. 


These  mountains  to  the  south  of  the  river  expand  in  width  and  height,  attaining  a  great 
elevation  in  the  neighborhood  of  Monlerey,  Saltillo,  and  Buena  Vista,  and  forming  one  side  of  the 
Bolson  Mapimi,  and  it  is  my  impression  that  these  mountains  are  identical  with  what  is  called 
in  Nnevo  Leon  the  Sierra  Madre. 

A  third,  but'  subordinate  range,  branches  from  the  main  chain  about  the  same  parallel  as 
that  last  described,  and  terminates  in  the  Llano  Kstacado  or  the  Staked  Plains,  from  which  issue 
the  Red  river  and  other  rivers  of  Texas.  From  the  foot  of  the  Llano  Estucado  the  country 
fulls,  sometimes  by  Bteps,  but  most  generally  by  gentle  slopes,  to  the  shores  of  the  Gulf  of 
Mexico,  the  crust  only  broken  by  the  washing  of  water,  and  in  a  few  places  by  the  protrusion 
of  igneous  rocks.  The  view  of  the  bed  of  Devil's  river  will  give  a  very  good  idea  of  the 
manner  in  which  the  general  level  of  the  surface  forming  this  great  cretaceens  plane  is  broken 
by  the  action  of  water. 
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The  igneous  protrusions  which  occur  are  composed  of  greenstone  or  basalt,  and  are  traced  from 
the  San  Saba  mountain,  by  the  head  of  the  Leona,  to  Santa  Rosa,  in  Mexico,  where  it  unites  with 
the  main  ridge,  at  an  angle  of  about  forty-five  degrees.  The  point  where  they  unite  is  rich  in 
silver  mines.  At  Santa  Rosa  the  Spaniards  had  sunk  extensive  shafts  and  made  a  tunnel  a 
mile  and  a  half  in  length,  which  was  not  completed  when  the  revolution  of  1825  broke  out ; 
since  then  all  extensive  operations  have  been  suspended,  and  the  country,  rich  in  minerals 
and  in  the  production  of  the  cereals  and  of  tropical  plants,  has  been  a  prey  to  the  incursions 
of  banditti  and  Indians,  and  at  this  time  Wild  Cat  and  his  band  of  Florida  Indians  are  settled 
near  there,  to  add  to  the  disorder  and  misrule  of  this  beautiful  region. 

It  has  been  observed  that  these  metalliferous  rocks  generally  occur  at  the  junction  of  two 
systems,  or  where  some  unusual  disturbance  or  change  in  the  geological  structure  takes  place. 
Hence  we  may  expect  to  find  these  silver-bearing  rocks  along  the  boundary  line,  where  the 
upheaving  force,  after  subsiding  near  the  bed  of  the  Gila  river,  begins  again  to  re-appear  to 
the  south. 

The  remaining  mountain  feature  of  North  America,  the  Appalachian,  is  referred  to  here,  only 
to  illustrate  by  comparison  the  mountain  system  of  the  western  part  of  the  continent.  That 
chain,  grand  as  it  is,  sinks  into  insignificance  when  compared  to  those  I  have  attempted  to 
describe.  It  is  nearly  at  right-angles  to  the  western  chain  of  mountains,  is  less  elevated,  and 
sheds  its  waters,  as  is  well  known,  clear  on  both  sides  ;  on  the  one  side  into  the  Atlantic,  and 
on  the  other  side  into  the  Mississippi  and  the  Gulf  of  Moxico.  On  both  sides,  the  slopes  are 
comparatively  gentle,  and  the  soil  fertile,  and,  refreshed  by  frequent  showers,  yields  in  abun- 
dance all  that  contributes  to  the  wants  of  man  ;  on  the  western  side  of  this  slope,  between 
it  and  the  desert  border  of  the  Rocky  mountains,  such  an  expanse  of  fertile  country  exists  as 
van  be  found,  in  one  body,  nowhere  else  on  the  face  of  tho  globe,  producing  all  the  fruits  of  the 
earth,  including  those  found  in  every  zone,  from  the  boreal  regions  to  the  tropics.  Persons 
familiar  with  its  character,  as  most  who  read  this  memoir  are,  will  scarcely  be  able  to  compre- 
hend, still  less  to  believe,  the  character  given  to  the  more  western  and  less  favored  regions 
described  in  this  report. 

In  the  fanciful  and  exaggerated  description  given  by  many  of  the  character  of  the  western 
half  of  the  continent,  some  have  no  doubt  been  influenced  by  a  desire  to  favor  particular  routes 
of  travel  for  the  emigrants  to  follow;  others  by  a  desire  to  commend  themselves  to  the  political 
favor  of  those  interested  in  the  settlement  and  sale  of  the  lands ;  but  much  the  greater  portion 
by  estimating  the  soil  alone,  which  is  generally  good,  without  giving  due  weight  to  the  infre- 
quency  of  rains,  or  the  absence  of  the  necessary  humidity  in  the  atmosphere  to  produce  a 
profitable  vegetation.  But  be  the  motive  what  it  may,  the  influence  has  been  equally  unfortu- 
nate by  directing  legislation  and  the  military  occupation  of  the  country,  as  if  it  were  susceptible 
of  continuous  settlement,  from  the  peaks  of  the  Alleghanies  to  the  shores  of  the  Pacific. 

Between  the  two  most  distinctly-marked  ranges  of  mountains,  before  described,  (the  Rocky 
mountains  and  the  Sierra  Nevada,)  a  succession  of  minor  ranges  occur,  some  of  which  are  many 
hundred  miles  in  extent,  while  others  appear  like  isolated  mountains,  rising  above  the  general 
level  of  the  plateau.  Most  of  them  preserve  a  general  system  of  parallelism  ;  others  present 
their  lines  of  maximum  elevation,  forming  very  considerable  angles  with  the  general  direction, 
and  all,  when  traced  upon  a  map,  exhibit  lines  varying  from  right  lines  to  every  degree  of 
curvature. 
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The  whole  system,  plateau  and  mountain,  seems  to  have  been  produced  by  a  succession  of 
forces  analogous  to  each  other  in  direction,  but  differing  in  intensity  and  occurring  at  long 
intervals.  The  prevalence  of  granite  and  other  unstratified  rocks  throughout  the  Sierra  Nevada 
suggests  the  probability  of  its  being  the  oldest  of  the  western  range  of  mountains.  The  identity 
of  its  rocks,  generally,  with  those  of  the  Alleghany  mountains,  marks  these  two  distinct  and 
detached  chains  as  probably  contemporaneous.  The  rocks  marking  these  mountains  are  of  the 
description  commonly  traversed  by  gold  and  copper  veins,  as  is  the  case  in  Oregon,  California, 
Virginia,  and  North  Carolina.  Travelling  eastward  from  the  Pacific  along  the  bed  of  the  Gila, 
we  encountered  similar  rocks  in  a  chain  of  mountains  as  far  east  as  the  Piroo  village.  This 
chain,  characterized  also  by  the  presence  of  gneiss,  mica,  and  talcsse  slate,  has  been  traced  as 
■  far  south  as  the  present  boundary,  where  it  crosses  the  Santa  Cruz  river,  between  longitude  110 
and  111  ;  and  in  that  neighborhood  we  saw  every  where  the  remains  of  gold  mines,  from  which 
the  operators  had  been  driven  by  the  Apaches. 

Pursuing  our  course  eastward  along  the  boundary  from  the  meridian  of  110°,  we  cross  the 
San  Pedro,  tho  Guadalupe,  and  the  San  Luis  range  of  mountains  in  the  oider  in  which  they 
are  named,  the  middle  range  being  chiefly  characterized  by  sienitic  aggregates,  granitic  lava, 
and  immense  masses  of  conglomerate,  or  breccia.  Precisely  the  same  formation  is  found  in  the 
carton  of  the  Gila,  some  distance  to  the  north,  about  the  meridian  of  what  is  called,  in  my 
reconnoissauce  of  184B,  Disappointment  creek.  And  no  doubt,  when  future  surveys  shall 
develop  a  more  minute  knowledge  of  the  physical  geography  of  the  country,  each  of  these 
ranges  of  mountains  will  find  its  equivalent  to  the  north  and  to  the  south.  With  the  present 
information,  I  shall  not  even  attempt  to  connect  them  conjecturally. 

Hypothetical  geography  has  proceeded  far  enough  in  the  United  States.  In  no  country  has 
it  been  carried  to  such  an  extent,  or  been  attended  with  more  diastrous  consequences.  This 
pernicious  system  was  commenced  under  the  eminent  auspices  of  Baron  Humboldt,  who,  from 
a  few  excursions  into  Mexico,  attempted  to  figure  the  whole  North  American  continent.  It 
has  been  followed  by  individuals  to  carry  out  objects  of  their  own.  In  thiB  way  it  has  come  to 
pass,  that,  with  no  other  evidence  than  that  furnished  by  a  party  of  persons  travelling  on  mule- 
back,  at  the  top  of  their  speed,  across  the  continent,  the  opinion  of  tho  country  has  been  held 
in  suspense  upon  the  subject  of  the  proper  route  for  a  railway,  and  even  a  preference  created  in 
the  public  mind  in  favor  of  a  route  which  actual  survey  has  demonstrated  to  be  the  most 
impracticable  of  all  the  routes  between  the  49th  and  32.1  parallels  of  latitude.  On  the  same 
kind  of  unsubstantial  information  maps  of  the  whole  continent  have  been  produced  and  engraved 
in  the  highest  style  of  art,  and  sent  forth  to  receive  the  patronage  of  Congress,  and  the  applause 
of  geographical  societies  at  home  and  abroad,  while  the  substantial  contributors  to  accurate 
geography  have  seen  their  works  pilfered  and  distorted,  and  themselves  overlooked  and  forgotten. 

The  San  Luis  mountains,  a  distant  view  of  which  is  given  from  the  Alamo  Hueco  springs 
looking  west,  rise  abruptly  from  the  plains  about  three  leagues  north  of  the  parallel  31°. 20, 
and,  as  they  run  south,  assume  by  far  the  most  formidable  appearance  of  any  range,  on  that 
parallel,  west  of  the  Rio  Grande.  They  are  called,  in  Sonora  and  part  of  Chihuahua,  the 
Sierra  Madre  mountaius,  yet  they  do  not  fulfil  entirely  the  conditions  implied  by  that  term, 
for  I  am  credibly  informed  that  the  waters  flowing  from  their  base  towards  the  Pacific  coast 
often  take  their  rise  to  the  east  of  these  mountains,  and  flow  through  chasms  impassable  for 


meu,  and  fall  down  tho  western  slope  in  rapid  descent,  producing  sublime  and  picturesque, 
cascades. 
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It  was  not  in  my  power  to  explore  this  range  to  the  south,  hut  I  was  informed  by  persons  worthy 
of  confidence,  that  throughout  its  whole  extent,  as  far  south  as  the  parallel  of  Masatlan,  it  was 
utterly  impassable  for  wagons,  and  there  was  no  possibility  of  finding,  south  of  31°  20',  a  lino 
for  a  railway.  The  report  of  its  impracticability  for  wagons  was  confirmed  by  the  fact  that 
the  Camino  real,  (highway,)  established  by  the  Spaniards  to  connect  Chihuahua  and  Guymas, 
makes  a  great  circuit,  and  passes  to  the  north  of  31°. 20,  and  within  what  is  now  the  territory 
of  the  United  States. 

This  stupendous  range  of  mountains,  which  drops  so  abruptly  a  few  miles  north  of  the  bound- 
ary, as  if  to  make  room  for  the  highway  which  is  to  connect  the  Pacific  and  Atlantic  States,  no 
doubt,  reappears  to  the  north,  in  the  neighborhood  of  the  Gila,  but  our  information  is  not  yet 
sufficient  to  establish  the  connexion.  I  am  quite  satisfied  of  one  thing,  however ;  its  equivalent 
is  not  to  be  found  in  what  is.  called  the  Sierra  Madre,  in  New  Mexico. 

Pursuing  our  course  still  eastward,  we  pass  over  wide  plains  bounded  by  detached  ranges  of 
mountains  of  metatnorphic  and  other  limestones,  associated  with  igneous  rocks,  rich  in  silver 
and  lead,  and  at  El  Paso  we  encounter  the  western  flank  of  the  third  great  mountain  chain, 
the  Rocky  mountains,  known  in  that  particular  locality  as  the  Organ  mountains  ;  and  at  inter- 
vals of  about  eighty  miles  we  cross  two  other  ranges,  the  Eagle  Spring  mountains  and  the 
Limpia  range  of  mountains. 

The  view  will  give  a  very  good  idea  of  the  appearance  of  the  Organ  mountains  in  the  distance, 
and  of  the  Great  Mesa,  which  reaches  far  away  to  the  west.  It  is  from  the  bed  of  the  Rio  Bravo, 
just  above  the  gorge,  where  the  river  breaks  through  the  range  at  El  Paso. 

These  three  chains  of  mountains  appear  to  be  spurs  of  the  Rocky  mountains,  and  are  character- 
ised by  the  presence  of  carboniferous  limestone,  greatly  disturbed  by  igneous  protrusions  of  what 
Professor  Hall  characterizes  as  of  "  comparatively  modern  origin." 

And  throughout  this  whole  region,  the  carboniferous  and  metatnorphic  limestone  is  not 
unfreqnently  traversed  by  rich  seams  of  argentiferous  lead  ore.  Between  the  San  Luis  range 
and  the  Organ  mountains,  the  first  of  the  Rocky  mountain  range,  the  metamorphisra  of  the 
rocks  is  so  complete  and  the  irruptive  Jines  so  freqnent,  and  protrusion  above  the  crust  of  the 
earth  so  detached,  it  is  impossible  to  say,  with  our  present  information,  where  the  one  begins  or 
the  other  ends,  or  whether  they  do  not  all  belong  to  the  same  system. 

It  is  between  these  two  ranges,  upon  the  banks  of  the  Janos  river,  that  we  discover  the  first 
evidences  from  the  west  of  that  vast  cretaceous  formation  which  has  been  traced  from  the  108th 
to  the  101st  meridian  of  longitude,  and  as  far  north  as  the  Great  Salt  Lake,  and  south  to  the 
25th  parallel  of  latitude. 

The  western  limit  of  this  formation,  discovered  by  the  boundary  survey,  is  the  basin  of  the 
Janos  river  in  Chihuahua,  and  its  easternmost  limit  San  Antonio,  in  Texas.  How  far  it  extends 
north  and  south  has  never  been  ascertained,  but  it  has  been  traced  in  one  direction  as  far  aa  the 
Big  Salt  Lake  of  Utah  Territory. 

Granite,  and  its  associated  gold-bearing  rocks,  occur  sporadically  throughout  the  Rocky 
mountain  chain,  and  its  spurs  ;  but  the  distinguishing  feature,  in  an  economical  point  of  view, 
•  is  the  prevalence  of  carboniferous  limestone,  with  which  is  found  associated  argentiferous 
galena. 

Silver  minea  of  richness  have  been  discovered,  and  some  of  them  worked  to  a  limited  extent, 
in  the  mountains  about  Tucson,  at  Barrancas,  Presidio  del  Norte,  Wild  Rose  Pass,  in  the  Organ 
mountains,  and  other  localities,  accounts  of  which  will  be  found  elsewhere. 
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Gold  mines  have  been  worked  at  the  Calabasaa,  on  the  Santa  Cruz  river,  and  in  the  mountains 
of  New  Mexico,  on  both  sides  of  the  Rio  Bravo. 

It  will  not  be  extravagant  to  predict  the  discovery  of  many  localities  where  silver  mines  can 
be  worked  to  advantage  throughout  the  whole  region  where  carboniferous  limestone  exists,  ex- 
tending on  the  line  of  boundary  from  the  great  bend  of  the  Eio  Bravo,  in  Texas,  to  the  meridian 
of  the  San  Luis  range.  Should  this  conjecture  provo  true,  we  shall  have  then,  in  abundance, 
the  only  commodity  in  which  we  are  now  deficient,  and  for  which  we  are  at  all  dependent  upon 
any  other  country. 

Another  argentiferous  region  of  exceeding  richness,  and,  I  think,  one  wholly  disconnected 
from  the  other,  is  in  the  basin  west  of  the  Santa  Cruz  river,  between  that  river  and  the  Gulf  of 
•  California.  Veins  of  metal  were  discovered  traversing  a  coarse  sandstone,  which  will  be  more 
particularly  referred  to  in  Chapter  VI  on  that  section  of  the  boundary. 

I  have  stated  that  the  eastern  portion  of  the  continent,  with  which  we  are  familiar,  is  entirely 
different  in  its  physical  geography  from  the  western,  and  among  the  distinguishing  features  of 
the  first  is  the  Appalachian  chain  of  mountains,  which  sheds  its  waters  clear  from  the  summit 
to  the  ocean  ;  that  is  to  say,  water  once  above  the  surface  at  any  point,  continuos  to  flow  in  that 
position  until  it  reaches  tide-water. 

Between  the  two  great  chains,  which  I  have  attempted  to  describe,  occupying  the  western 
portion  of  the  continent,  there  are  other  chains  of  mountains,  bo  numerous  that  it  is  impossible 
to  describe  them  by  words ;  some  are  continuous,  some  are  detached  ridges,  others  isolated 
peaks,  rising  from  the  plateau  almost  with  the  uniformity  and  symmetrical  proportions  of  arti- 
ficial structures.  Between  them  are  found  basins,  which  have  no  outlets  to  the  ocean,  but  are 
the  receptacles  of  the  drainage  of  the  surrounding  water-sheds.  Of  these,  the  most  extensive  is 
the  Great  Salt  Lake  in  Utah  Territory,  and  the  most  remarkable  for  its  historical  associations 
and  present  importance  is  the  valley  of  the  city  of  Mexico. 

These  successions  of  basins  form  a  prominent  feature  in  the  geography  of  North  America, 
extending  two-thirds  its  length,  and  quite  one-third  its  breadth.  They  belong  to  what  has  been 
appropriately  designated  as  the  Basin  system  of  North  America. 

Those  found  near  the  boundary  are  Santa  Maria,  Guzman,  and  Jaqui — all  to  the  south  of  the 
boundary,  and  within  the  limits  of  Mexico.  The  first  is  fed  by  the  waters  of  the  river  Santa 
Maria,  which  runs  in  a  northern  direction,  and  Guzman  by  the  river  bearing  the  several  names 
of  Casas  Grandes,  San  Miguel,  aud  Janos,  the  general  course  of  which  is  also  from  the  south  to 
the  north  ;  and  the  waters  of  Lake  Guzman  and  Lake  Santa  Maria  are  said  to  unite  in  seasons 
of  unusual  freshets. 

The  waters  of  the  Rio  Mimbres,  near  the  Bame  meridian  as  Lake  Guzman,  which  take  their 
rise  near  the  Santa  Rita  del  Cobre,  run  towards  that  lake,  but  they  disappear  in  the  plain  to 
the  north  of  the  boundary,  before  reaching  it. 

The  waters  of  these  lakes,  or  inland  seas,  are  brackish  at  all  times,  but  in  seasons  of  drought, 
which  last  two-thirds  of  the  year,  they  become  salt,  and  wholly  unpalatable.  Their  shores 
are  covered  with  lacustrine  deposites,  and  are  usually  unsuited  to  cultivation.  The  waters 
of  these  vast  basins  are  not  all  locked  up,  however,  by  the  mountains.  ^Three  great  rivers, 
with  their  tributaries,  have  made  their  way  in  different  directions  to  the  ocean,  cutting,  in 
their  passage,  gigantic  chasms  in  the  mountains.  These  rivers  arc  the  Columbia,  the  Colo- 
rado of  the  West,  and  the  Rio  Bravo.  Another  river,  the  Gila,  drains  this  plateau,  cutting  the 
mountains  nearly  at  right  angles,  which,  although  a  tributary  of  the  Colorado,  joins  it  near  its 
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month,  and  at  an  elevation  00  little  above  the  sea,  that  it  may,  in  a  general  description,  be 
considered  a  separate  and  independent  drainage. 

Another  feature  of  this  basin  system  remains  to  be  described,  which  is  also  common  to  all  the 
rest  of  the  mountain  regions  occupying  the  plateau,  and  the  region  lying  east  of  the  Rocky 
mountains.  Between  the  ridges  of  mountains  the  traveller  occasionally  encounters  vast  plains, 
which,  when  the  sun  is  above  the  horizon,  producing  tho  phenomenon  of  the  mirage,  present 
to  him  all  the  appearance  of  the  sea.  The  plain  bounds  the  view,  and  the  line  of  the  horizon 
is  broken  into  waves,  resembling,  in  appearance,  the  edge  of  the  Gulf  Stream,  when  seen  from 
the  deck  of  a  vessel  ten  or  fifteen  miles  distant.  The  plains  are  clothed  with  vegetation  of  a 
scrubby  growth,  incapable  of  affording  subsistence  to  any  but  a  class  of  small  animals,  such  as 
antelope,  prairie-dogs,  and  rabbits.  Most  generally,  however,  in  the  southern  part  of  the 
United  States,  these  plains  are  clothed  with  a  luxuriant  growth  of  "  grama,"  the  most  nutritions 
of  all  the  grasses.  Sometimes  they  are  destitute  of  all  vegetation,  except  the  larrea  Mexicana, 
the  yucca,  the  cactus,  and  other  spinous  plants,  and  arc  paved  with  minute  fragments  of  chalce- 
dony, basalt,  agate,  and  other  hard  rocks.  Occasionally  in  these  plains  we  encounter  sand-dunes, 
called  by  the  Spaniards  medanos,  extending  over  a  large  area  of  country,  and  encircling  what 
might  at  first  sight  be  supposed  the  shores  of  dried-up  lakes.  But  an  examination  of  tho  sand 
with  a  microscope  of  sufficient  power,  dispels  this  idea.  Tho  grains  seem  to  be  angular,  and 
are  not  rounded  by  the  attrition  of  water.  An  extensive  formation  of  this  kind  occurs  between 
the  Rio  Colorado  of  the  West  and  the  base  of  the  Sierra  Madre,  and  extends  many  miles  along 
almont  the  whole  extent  of  the  western  coast  of  the  Gulf  of  California.  Another  very  extensive 
waste  of  sand  lies  to  the  south  of  tho  Arkansas  river;  a  third  is  traversed  by  the  Platte  river ; 
and  a  fourth,  which  has  come  under  my  notice,  less  in  extent,  lies  to  the  south  of  the  Rio  Braroj 
on  the  road  from  El  Paso  to  the  city  of  Chihuahua. 

The  plains  or  basins  which  I  have  described  as  occurring  in  the  mountain  system,  are  not  the 
great  plains  of  North  America  which  are  referred  to  so  often  in  the  newspaper  literature  of  the 
day,  in  the  expressions,  "News  from  the  plains,"  "Indian  depredations  on  the  plains,"  &c. 

The  term  "  plains  "  is  applied  to  the  extensive  inclined  surface  reaching  from  tho  base  of  the 
Rocky  mountains  to  the  shores  of  the  Gulf  of  Me*  co  and  the  valley  of  the  Mississippi,  and  form 
a  feature  in  the  geography  of  the  western  country  as  notable  as  any  other.  Except  on  the  bor- 
ders of  the  streams  which  traverse  the  plains  in  their  course  to  tho  valley  of  the  Mississippi, 
scarcely  anything  exists  deserving  the  name  of  vegetation.  The  soil  is  composed  of  disintegrated 
rocks,  covered  by  a  loam  an  inch  or  two  in  thickness,  which  is  composed  of  the  exuviro  of  animals 
and  decayed  vegetable  matter.  The  growth  on  them  is  principally  a  short  but  nutritious  grass 
called  buffalo -grass,  (Sysleria  dyctaloides.)  A  narrow  strip  of  alluvial  soil,  supporting  a  coarse 
grass  and  a  few  cotton-wood  trees,  marks  the  line  of  the  water-courses,  which  are  themselves 
sufficiently  few  and  far  between. 

Whatever  may  be  said  to  the  contrary,  these  plains  west  of  the  100th  meridian  are  wholly 
unsusceptible  of  sustaining  an  agricultural  population,  until  yon  reach  sufficiently  far  south 
to  encounter  the  rains  from  the  tropics. 

The  precise  limit  of  these  rains  I  am  not  prepared  to  give,  but  think  tho  Red  river  is,  perhaps, 
as  far  north  as  they  extend.  South  of  that  river,  the  plains  are  covered  with  grass  of  larger 
and  more  vigorous  growth.  That- which  is  most  widely  spread  over  the  face  of  the  country  is 
the  grama  or  mezquite  grass,  of  which  there  are  many  varieties.  This  is  incomparably  tho 
most  nutritious  grass  known. 
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South  of  the  Bed  river,  also,  the  plains  are  not  unfreqncntly  covered  with  a  growth  of  mczquite 
trees,  (algaroba,)  of  which  there  are  many  varieties.  This  tree  varies  in  size  according  to  the 
character  of  the  soil  and  quantity  of  rain.  It  is  usually  from  fifteen  to  thirty  feet  in  height, 
crooked,  gnarled,  and  armed  with  thorns.  The  wood  is  hard  and  full  of  knots,  and  is  unfit  for 
purposes  of  carpentry,  Lut  in  other  respects  it  fulfils  many  of  the  economical  uses  of  life.  It  is 
excellent  firewood,  and  makes  good  posts,  being  very  durahle.  It  exudes  a  gum  which  is  equal 
to  gum-arabic,  but  to  the  traveller  its  most  important  quality  is  the  fruit  which  it  bears — a 
nutritious  bean,  much  relished  by  animals,  and  not  wholly  unsuitcd  to  the  tastes  of  man. 

The  vegetation  of  the  mountain  and  basin  region,  while  it  differs  materially  in  the  genera 
and  species  of  plants  according  to  the"  locality,  possesses,  neverthele»s,  a  general  similarity  which 
is  striking  and  peculiar.  I  have  described  that  of  the  plateau  or  levels  as  consisting  of  a 
diminutive  growth  of  shrubs  ;  but  as  we  ascend  from  these  to  the  heights  of  the  surrounding 
mountains  we  pa>s  through  a  succession  of  floral  product*,  varying  in  character  according  to 
the  elevation  to  which  we  ascend,  until  we  reach  a  sub- Alpine  flora.  North  of  the  parallel  of 
32°  this  appears  at  the  height  of  about  six  thousand  feet  above  the  sea. 

In  situations  protected  from  the  winds  we  usually  find,  at  this  height,  pines  and  cedars,  and 
at  a  less  elevation  different  varieties  of  oak.  Wherever  this  region  is  traversed  by  water- 
courses, cotton-wood  and  occasionally  sycamore  grow  on  the  edges  of  the  streams.  There  are 
throughout  this  region,  on  the  sides  of  the  mountains,  growths  of  pine,  oak,  and  cedar,  which 
are  quite  extended  and  present  a  forest-like  appearance,  but  nowhere,  until  we  begin  to  descend 
the  Pacific  slope  and  get  within  the  influence  of  the  humidity  from  the  ocean,  do  we  encounter 
timber  at  all  approximating  in  size  or  luxuriance  of  growth  the  forests  with  which  we  are 
familiar  in  the  basin  of  the  Mississippi  and  the  eastern  slope  of  the  Alleghanies.  The  Pacific 
slope,  including  the  water  of  the  Sacramento  and  its  tributaries  below  the  Cascade  range,  and 
Puget  sound  and  its  tributaries,  it  is  not  my  intention  to  describe  in  this  general  sketch,  or  the 
memoirs  which  follow,  further  than  to  say  that,  refreshed  by  frequent  showers  and  fogs  from 
the  ocean,  it  presents  a  different  and  more  inviting  picture  than  the  country  to  the  east  of  it. 
It  is  on  this  slope  that  we  find  that  stupendous  growth  of  red-wood,  the  accounts  of  which 
appear  almost  fabulous.  We  find  hero,  too,  in  all  that  region  north  of  Monterey,  considerable 
adaptation,  both  in  soil  and  climate,  to  the  production  of  the  cereal  plants.  About  Santa 
Barbara,  in  parallel  34°  north  latitude,  the  mountains  run  to  the  sea ;  thence  the  coast  deflects 
sharply  to  the  east ;  and  below,  or  south  of  this  point,  the  trade-winds,  which  sweep  along  the 
Pacific  coast,  charged  with  humidity  for  nine  months  in  the  year,  from  as  far  north  as  the 
Aleutian  islands,  seem  to  diminish  in  force,  and  finally  die  away,  at  the  lowest  extremity  of 
California.  The  mountain  range  at  Santa  Barbara  cuts  off  theso  humid  winds  from  the  land  to 
the  south  of  them  ;  and  it  is  my  opinion,  that  on  the  Pacific  slope  beyond  this  point,  and  until 
we  reach  the  region  of  the  tropical  rains,  no  crops  can  be  raised  with  anything  like  certainty 
without  irrigation.  South  of  this  range,  the  agricultural  character  of  the  country  is  much  the 
same  as  that  of  the  mountain  and  basin  systems,  and  this  character  is  retained  along  the  coast 
until  we  reach  the  parallel  of  Mazatlan,  where  the  tropical  rains  begin  to  be  felt  in  groat  force. 
For  the  four  months  (July,  August,  September,  and  October)  during  which  I  kept  a  meteor- 
ological record  at  Camp  Riley,  no  rain  fell  in  sufficient  quantity  to  be  measured.  The  mean 
height  of  tho  barometer  for  that  period  was  29.853,  the  thermometer  68.37,  and  the  mean  dew- 
point  58.13. 

There  are  considerable  portions  of  the  extensive  mountain  system  which  I  have  attempted  to 
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describe,  where  wheat  and  rye  can  be  raised  withont  irrigation  ;  bnt  these  portions  are  excep- 
tions to  the  general  rale  ;  and  I  think  I  am  safe  in  stating,  that  as  a  general  rule  throughout 
this  vast  region,  corn,  cotton,  and  vegetables  cannot  be  produced  without  irrigation ;  and  further- 
more, the  limits  of  the  ground  which  can  be  brought  under  the  effects  of  irrigation  are  very 
circumscribed.  The  town  of  El  Paso,  in  latitude  31°  44'  15". 7,  and  longitude  106^  29*  05". 4,  is 
considered,  and  justly  so,  one  of  the  garden-spots  of  the  interior  of  the  continent.  A  meteor- 
ological record  was  kept  at  Frontera,  a  few  miles  north  of  this  point,  for  two  years,  by  assistant 
Chandler,  the  results  of  which  are  embodied  in  the  diagram  herewith  presented. 

From  this  it  will  be  seen  how  very  dry  the  climate  is,  and  how  unsuited  for  agricultural 
purposes,  according  to  the  notion  entertained  of  farming  in  the  eastern  States.  The  settlements 
about  El  Paso  are  irrigated  by  the  Rio  Bravo,  and  are  happily  not  dependent  on  rains  for  tbeir 
fertility. 

Whatever  population  may  now,  or  hereafter,  occupy  the  mountain  system,  and  the  plains  to 
the  east,  must  be  dependent  on  mining,  or  grazing,  or  the  cultivation  of  the  grape.  The 
country  must  be  settled  by  a  mining  and  pastoral  or  wine-making  population  ;  and  the  whole 
legislation  of  Congress,  directed  heretofore  so  successfully  towards  the  settlement  of  lands  east 
of  the  100th  meridian  of  longitude,  must  be  remodeled  and  reorganized  to  suit  the  new  phase 
which  life  must  assume  under  conditions  so  different  from  those  to  which  we  are  accustomed. 

Southern  California,  the  whole  of  the  upper  valley  of  the  Gila,  and  the  upper  valley  of  the 
del  Norte,  as  far  down  as  the  Presidio  del  Norte,  are  eminently  adapted  to  the  cultivation  of  the 
grape.  In  no  part  of  the  world  does  this  luscious  fruit  flourish  with  greater  luxuriance  than 
in  these  regions,  when  properly  cultivated.  Those  versed  in  the  cultivation  of  tho  vino  repre- 
sent that  all  the  conditions  of  soil,  humidity  and  temperature,  are  united  in  these  regions 
to  produce  the  grape  in  the  greatest  perfection.  Tho  soil,  composed  of  the  disintegrated  matter 
of  the  older  rocks  and  volcanic  ashes,  is  light,  porous,  and  rich.  The  frosts  iu  winter  are  just 
sufficiently  severe  to  destroy  tho  insects  without  injuring  the  plant,  and  the  rain  seldom  falls 
in  the  season  when  the  plant  is  flowering,  or  when  the  fruit  is  coming  to  maturity,  and  liable 
to  rot  from  exposure  to  humidity.  As  a  consequence  of  this  condition  of  things,  the  fruit, 
when  ripe,  has  a  thin  skin,  scarcely  any  pulp,  and  is  devoid  of  tho  musky  taste  usual  with 
American  grapes. 

The  manufacture  of  wine  from  this  grape  is  still  in  a  crude  state.  Although  wine  has  been 
made  for  upwards  of  a  century  in  El  Paso,  and  is  a  very  considerable  article  of  commerce,  no 
one  of  sufficient  intelligence  and  capital,  to  do  justice  to  the  magnificent  fruit  of  the  country, 
has  yet  undertaken  its  manufacture.  As  at  present  made,  there  is  no  system  followed,  no 
ingenuity  in  mechanical  contrivance  practised,  and  none  of  those  facilities  exist  which  are  usual 
and  necessary  in  the  manufacture  of  wine  on  a  large  scale  ;  indeed,  there  seems  to  be  no  great 
desire  beyond  that  of  producing  as  much  alcoholic  matter  as  possible.  The  demand  for  strong 
alcoholic  drinks  has  much  increased  with  the  advent  of  the  Americans  ;  and  in  proportion  as 
this  demand  has  increased,  the  wine  has  decreased  in  quality.  On  one  occasion  I  drank  wine  in 
El  Paso  which  compared  favorably  with  the  richest  Burgundy.  The  production  of  this  wine 
must  have  been  purely  accidental,  for  other  wine  made  of  the  same  grape,  and  grown  in  the 
same  year,  was  scarcely  fit  to  drink.  Cotton  and  corn  grow  with  luxuriance,  where  water  can 
be  brought  to  irrigate  the  soil,'  throughout  the  valleys  of  the  Gila  and  Rio  Bravo,  and  upon 
the  lower  Rio  Bravo  ;  and  upon  the  Rio  Colorado,  below  its  junction  with  the  Gila,  sugar-cane 
flourishes. 
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It  sometimes  happens  that  the  irrigation  ia  produced  by  natural  causes — the  overflow  of  tlte 
river.  This  is  the  case  in  the  basin  of  the  Presidio  del  Norte,  and  ou  most  of  the  country  sus- 
ceptible of  tillage  in  the  valley  of  the  lower  Rio  Bravo.  Crops  depending  upon  this  mode  of 
irrigation  are  very  uncertain,  the  overflows  of  the  river  being  very  unequal  as  to  timo  and 
extent.  In  'some  portions,  however,  of  the  Rio  Bravo  there  are  two  overflows.  This  is  the 
case  at  the  Presidio  del  Norte,  below  the  junction  of  the  Conchos  river.  The  first  overflow 
occurs  in  June,  from  the  melting  of  the  snows  near  the  head  of  the  Rio  Bravo,  in  latitude  36° 
37' ;  the  second  occurs  in  August,  from  the  tropical  rains  which  fall  on  thd  mountains  near  the 
sources  of  the  Conchos,  in  latitude  26°  28'. 

This  occurs  to  a  limited  extent  on  the  lower  Rio  Bravo,  which  is  principally  supplied  in  the 
summer  months  by  its  tributaries— the  Salado,  the  San  Juan,  &c.  These  take  their  rise  in  the 
mountains  to  the  south,  within  the  regions  of  tropical  rains.  How  far  tho  lower  Rio  Bravo  is 
supplied  by  the  melting  of  the  snows  at  the  head  of  the  river,. I  am  not  prepared  to  say  ;  but  I 
am  inclined  to  the  opinion  that,  before  reaching  the  tertiary  region  near  the  mouth  of  the  river, 
most  of  the  waters  from  that  source  are  expended  either  by  evaporation  or  absorption.  In  the 
intermediate  portion  of  the  Rio  Bravo,  that  lying  between  Valverde,  north  of  which  the  river 
is  kept  running  by  the  melting  of  the  snows  throughout  the  summer,  and  the  Presidio  del 
Norte,  where  the  Conchos  joins  it,  and  supplies  it  with  water  from  the  tropics,  great  inconve- 
nience is  felt  for  water  in  years  of  unusual  drought.  I  was  informed,  on  good  authority,  that 
in  the  summer  of  1851  a  man  drove  a  gang  of  mules  along  the  bed  of  the  river  from  the  Presidio 
del  Norte  to  El  Paso.  The  bed  was  dry  for  nearly  the  whole  distance,  occasional  pools  of  water 
standing  in  places  where  the  river-bed  was  formed  of  rock  or  clay,  impervious  to  water.  It 
was  always  possible,  however,  to  procure  water  in  sufficient  quantities  for  drinking  or  watering 
animals  by  digging  in  the  river-bed  a  few  feet  below  the  surface. 

It  might  be  expected  in  this  report  that  I  should  say  something  of  the  practicability  of  a 
railway  route  to  the  Pacific  through  the  newly-acquired  territory  ;  and  it  was  my  intention  to 
do  so,  but  the  subject  has  been  so  ably  and  thoroughly  examined  and  discussed  by  tho  Secretary 
of  War,  and  the  officers  of  the  Topographical  Engineers  acting  under  his  orders,  as  to  leave 
nothing  more  to  be  said.  All  the  topographical  and  other  knowledge  bearing  on  the  subject 
which  has  been  acquired  by  the  boundary  survey  has  been  freely  placed  at  the  disposal  of  the 
War  Department.  The  signal  ability  with  which  that  information  and  the  information 
acquired  by  the  surveys  specially  ordered  for  the  purpose  have  been  collated,  leaves  nothing  for 
me  to  say,  except  that  our  information  fully  sustains  the  conclusions  of  the  War  Office  report; 
and  it  is  decided,  beyond  all  question,  that  a  practicable,  and,  indeed,  a  highly  advantageous 
route,  from  the  upper  basin  of  the  Rio  Bravo  to  the  valley  of  the  Gila,  exists  through  the  new 
territory. 

It  has  already  been  stated,  as  one  of  the  facts  elicited  by  this  and  previous  surveys,  that  if 
the  sea  were  to  rise  four  thousand  feet,  a  vessel  could  pass  from  the  Gulf  of  California  to  the 
Gulf  of  Mexico,  near  the  parallel  of  32°,  and  that  north  of  that  parallel  no  good  road  even  for 
wagons  could  be  found,  uniting  the  valleys  of  the  Bravo  and  Colorado  rivers.  This  remarkable 
fact  was  noticed  by  me  in  a  reconnoissance  made  in  1846-'47,  and  was  first  brought  to  the 
notice  of  the  government  through  Mr.  Buchanan,  then  Secretary  of  State,  who  immediately 
Bent  a  despatch  to  our  minister  in  Mexico,  indicating  that  no  boundary  north  of  that  parallel 
of  latitude  should  be  accepted.  The  treaty  of  Guadalupe  Hidalgo,  however,  fixed  a  lino  north 
of  that  parallel,  which  cut  off  entirely  the  communication  by  wagons  between  the  two  rivers  ; 
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and  leaving  out  of  view  the  consideration  involved  in  securing  a  railway  route  to  the  Pacific, 
it  was  a  line  which  must  sooner  or  later  have  been  abandoned.  No  traveller  could  pass,  nor 
could  a  despatch  be  sent,  from  a  military  post  on  the  Rio  Bravo  to  one  on  the  Gila  without 
passing  through  Mexican  territory. 

I  again  called  the  subject  to  the  attention  of  the  government  in  a  letter  dated  San  Diego, 
April,  I860,  which  has  been  already  given,  in  the  hope  that  the  United  States  commis- 
sioner might  succeed  in  torturing  the  treaty  of  Guadalupe  Hidalgo  to  embrace  a  practicable 
route.  That  letter,  however,  received  no  attention,  and  I  am  now  of  the  opinion  that  the  Mex- 
ican commissioner  was  so  impressed  with  the  importance  of  the  advantage  to  his  government 
of  making  a  boundary  which  would  not  only  exclude  the  railway  route,  but  which  would  cut  off 
the  communication  between  our  military  posts  in  New  Mexico,  On  the  Bio  Bravo,  and  those  we 
might  establish  on  the  Gila,  that  any  attempt  to  construe  the  words  of  the  treaty  so  as  to  em- 
brace the  railway  and  wagon  route  would  have  been  abortive. 

It  was  a  great  mistake  to  suppose,  as  was  urged  at  the  time,  that  the  line  projected  and 
claimed  by  the  United  States  surveyor,  in  opposition  to  that  agreed  to  by  Mr.  Bartlett,  gave  the 
United  States  this  route.  Subsequent  surveys  have  entirely  sustained  what  I  have  stated  on 
this  subject  in  the  letter  to  the  Secretary  of  tlie  Interior,  dated  Fort  Duncan,  which  will  be 
found  in  the  first  chapter  of  this  report. 

The  report  of  Lieut.  Parke,  who  made  the  recent  survey  for  the  railway  route  over  this  portion 
of  the  country,  fully  confirms  the  opinions  expressed  by  mo  of  the  practicability  of  the  route  ; 
and  he  has  further  reported,  as  the  result  of  Mb  examinations,  that  the  San  Pedro  river  offers 
the  best  route  by  which  to  descend  to  the  Gila  from  the  table-lands  west  of  the  Bio  Bravo.  I 
went  so  far  only  as  to  indicate  it  as  a  practicable  route.  Lieut.  Parke  gives  it  the  preference 
above  all  others ;  and  the  most  prominent  of  the  reasons  he  assigns,  is  the  important  fact  that 
this  route  affords  water  in  abundance,  and  traverses  valleys  capable  of  continuous  settlement. 

It  is  no  part  of  my  business  to  criticise  the  blunders  made  in  the  treaty  of  Guadalupe  Hidalgo, 
or  to  defend  the  provisions  of  the  treaty  of  December,  1850  ;  but  it  is  undeniable  that  the  last 
treaty  has  secured  to  us  what  before  did  not  exist — a  means  of  communication  between  the  mili- 
tary establishments  on  the  Bio  Bravo  and  those  on  the  Gila ;  and  what  is  more  important,  it  has 
secured  what  the  surveys  made  under  the  orders  of  the  War  Department  demonstrate  to  be  the 
most  feasible  if  not  the  only  practicable  route  for  a  railway  to  the  Pacific.  But  the  importance 
of  these  considerations  is  very  little  when  compared  to  the  important  pecuniary  consideration 
secured  by  the  same  treaty,  in  the  revocation  of  the  11th  article  of  the  treaty  of  Guadalupe 
Hidalgo.  That  article  made  it  incumbent  on  the  United  States  to  keep  the  Indians  living  within 
our  own  territory  from  committing  depredations  on  the  Mexicans,  and,  by  implication,  imposed 
on  the  United  States  the  obligation  of  indemnity  for  all  losses  resulting  from  failure  to  carry 
out  the  provisions  of  the  treaty. 

No  amount  of  force  could  have  kept  the  Indians  from  crossing  the  line  to  commit  depredations, 
and  I  think  that  one  hundred  millions  of  dollars  would  not  repay  the  damages  they  have  inflicted. 
Whole  sections  of  country  have  been  depopulated,  and  the  stock  driven  off  and  killed ;  and  in 
entire  States  the  ranches  have  been  deserted  and  the  people  driven  into  the  towns. 

It  is  true,  all  this  has  not  been  done  since  the  war,  and  would  form  no  just  claim  against 
the  United  States  ;  but  those  conversant  with  the  history  of  Mexican  claims  against  the  United 
States  will  at  once  admit  that  the  United  States  would  have  been  fortunate  if  she  could  have 
escaped  with  paying  real  claims  for  depredations,  whether  committed  before  or  after  the  war.  I 
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should  not  be  true  to  history  if  I  did  not  state  what  is  within  ray  own  personal  knowledge — that 
companies  were  formed,  and  others  forming,  composed  of  persons  of  wealth,  influence,  and 
adroitness,  who  projected  extensive  schemes  for  the  purchase  of  these  claims,  with  the  view  of 
extorting  them  from  the  Congress  of  the  United  States. 

I  have  said  nothing  in  this  sketch  of  the  races  of  men  which  inhabit  this  vast  western  region. 
I  have  attempted  only  to  present  such  a  general  view  of  the  country  as  will  prepare  the  reader 
for  the  more  detailed  description  of  each  portion  of  the  boundary  lino,  and  the  memoirs  of  the 
assistants  on  the  separate  branches  of  geology,  botany,  and  zoology,  and  the  ethnographic 
information  which  will  he  found  in  the  local  geographical  descriptions. 

I  give  in  its  proper  place  a  table  of  latitudes  and  longitudes  determined  by  myself  and 
assistants,  and  also  those  determined  by  others,  which  have  been  used  in  the  projection  of  the 
general  map  which  accompanies  this  memoir.  * 

The  mode*  in  which  these  determinations  have  been  made  will  form  the  subject  of  a  separate 
chapter.  It  will  be  sufficient  to  state  hero,  that  the  important  points  in  the  boundary  have  all 
been  determined  by  the  largest  and  most  improved  portable  instruments — the  latitudes  with 
forty-six  inch  zenith  telescopes,  by  Troughton  &  Simms,  of  London,  and  the  longitudes  by 
moon  culminations,  observed  with  telescopes  of  equal  power.  As  the  occasion  for  taking  these 
largo  instruments  into  the  interior  of  the  continent,  thousands  of  miles  from  navigable  streams, 
will  perhaps  not  again  soon  occur,  1  have  aimed  to  produce  results  which  would  inspire  suffi- 
cient confidence  to  mako  the  determinations  on  the  boundary  the  base  of  future  and  minor 
surveys  in  the  interior  of  the  continent.  It  has  been  suggested  to  me  that  all  the  astronomical, 
magnetic,  and  hygrometric  observations  should  be  published,  particularly  the  observations  on 
the  moon  and  the  moon  culminating  stars  ;  but  these  alone  would  form  a  volume  as  large  as 
the  volume  of  observations  made  at  the  royal  observatory  at  Greenwich,  published  annually. 

The  results  of  the  observations  made  by  me  and  under  my  orders,  as  fast  as  attained,  have 
been  given  freely  to  all  who  asked  for  them  ;  but  I  regret  they  have  been  used  in  several  notable 
instances  by  officers  of  the  government,  and  others,  without  duo  acknowledgment  to  myself  or 
my  assistants. 

The  best  excuse  that  can  be  offered  for  such  plagiarists  is  their  ignorance  of  the  labor,  priva- 
tion, self-denial  and  exposure  incurred  in  the  accurate  determination  of  a  single  point  in  those 
far  distant  regions. 

At  none  of  the  cardinal  points  have  less  than  three  lunations  been  used  in  the  determination 
of  longitude,  and  six  nights  for  that  of  latitude. 
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The  general  view  which  I  have  attempted  to  sketch  of  the  region  traversed  hy  the  boundary, 
will  prepare  the  reader  for  the  more  minute  description  of  the  different  sections  of  the  country, 
and  the  individual  reports  of  the  assistants.  It  will  not  be  convenient  to  arrange  these  sections 
in  the  order  in  which  the  work  was  pursued,  nor  to  follow  the  order  in  which  the  general  view 
was  presented,  commencing  on  the  Pacific,  and  ending  on  the  Gulf  of  Mexico.  The  order  has 
been  reversed.  The  first  section  embraces  the  lower  Rio  Bravo,  from  its  mouth  up  to  its  junction 
with  Devil's  river ;  the  second,  the  Rio  Bravo,  from  the  mouth  of  Devil's  river  to  the  initial 
point  of  the  treaty  of  1853,  in  the  parallel  of  31°  47' ;  the  third,  the  line  west  to  the  intersec- 
tion of  the  111th  meridian;  the  fourth,  the  line  thence  to  the  Pacific. 

It  will  be  remembered  that  I  stated  in  the  Personal  Account,  that  in  the  year  1852,  while 
engaged  under  the  old  commission,  I  found  it  necessary  to  suspend  the  work  after  bringing  it 
as  far  down  the  river  as  Loredo.  The  following  year,  under  a  new  appropriation  by  Congress, 
and  a  new  organization,  I  sailed  from  New  Orleans  in  the  month  of  May,  in  a  miserable  steamer, 
for  the  mouth  of  the  Rio  Bravo,  accompanied  by  a  well  organized  party,  with  a  complete  set  of 
instruments,  camp  equipage,  &c.  In  crossing  the  Gulf,  the  sea  was  happily  smooth,  and  it  was 
not  until  we  neared  the  coast  and  encountered  the  trade  winds,  which  blow  there  almost  cease- 
lessly from  the  southeast,  that  it  became  very  rough.  The  steamer  did  not  enter  the  mouth  of 
the  Rio  Bravo,  but  steered  her  course  towards  the  Brazos  Santiago,  eight  miles  up  the  coast. 
It  was  a  long  time  before  a  pilot  could  be  got  on  board,  and  then  we  were  informed  the  sea  was 
running  so  high  on  the  bar,  it  was  impossible  to  cross,  and  we  were  reduced  to  the  necessity  of 
lying  "off  and  on"  until  the  sea  ran  down.  The  captain  gavo  orders  to  the  mate  to  put  the 
vessel's  head  to  sea  and  stand  out  until  day-break,  under  easy  steam,  and,  with  the  pilot,  went 
to  sleep.  The  mate,  a  silly  young  man,  addicted  to  intemperance,  had  made  several  remarks 
which  destroyed  my  confidence  in  him,  and  having  much  at  stake  in  the  safety  of  the  vessel,  I 
did  not  go  to  bed.  It  was  fortunate  I  did  not,  for,  while  dozing  on  the  upper  deck,  I  was 
gradually  aroused  by  a  roaring,  seething  sound,  and  on  looking  forward,  saw  that  we  were  going 
head  on  to  the  breakers.  There  was  no  time  to  wake  the  captain,  and  I  gave  the  alarm  to  the 
man  at  the  wheel,  and  ran  to  the  engineer  to  make  him  put  on  all  steam.  For  many  moments 
it  was  doubtful  if  the  vessel  could  be  got  round.  By  great  exertion,  however,  the  steam  was 
rained,  and  she  barely  escaped  what  appeared  tn  be  inevitable  destruction. 
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The  next  day  the  sea  continued  to  run  high,  and  being  thoroughly  disgusted  with  my  sojourn 
aboard  the  steamer,  I  went  ashore  in  the  pilot^boat. 

The  steamer  was  stranded  a  few  trips  subsequently,  in  attempting  to  make  the  entrance  of 
the  Brazos  Santiago. 

The  bar  has  but  eight  feet  of  water,  and  is  very  shifting.  That  at  the  mouth  of  the  Kio  Bravo 
has  still  less.  Yet  it  was  at  these  two  points  that  the  troops  were  landed,  and  all  the  supplies  for 
the  army  which  invaded  Mexico,  under  the  orders  of  General  Taylor.  Most  of  the  merchandise 
intended  for  the  lower  Bio  Bravo  is  landed  at  the  Brazos,  and  thence  reshipped  in  a  strong 
river  steamer,  which  passes  out  to  sea  and  thence  into  the  Kio  Bravo.  The  channel  of  the 
mouth  of  the  Kio  Bravo  varies  a  little  in  depth,  but  is  seldom  more  than  six  feet  or  less  than 
four  ;  it  is  of  soft  mud,  and  of  the  numberless  vessels  grounded  there  during  the  war,  not  more 
than  one  or  two  were  lost.  The  bar  of  Brazos  Santiago  is  of  hard  sand,  and  a  vessel  grounded 
there  is  certain  to  be  stranded.  The  mouths  of  both  these  harbors  open  towards  the  prevailing 
wind,  and  I  can  suggest  no  method  by  which  they  can  be  improved  at  any  reasonable  cost. 
The  town  of  Brazos  stands  on  a  sand-spit  immediately  within  the  bar,  and  is  little  more  than  a 
collection  of  wooden  shanties,  left  there  by  the  army,  which  may  be  washed  away  some  day  by 
a  norther  forcing  the  water  from  the  lagoon,  or  bay,  above,  faster  than  it  can  escape  over  the 
beach  and  through  the  narrow  inlet  into  the  sea. 

Three  miles  within  the  lagoon,  or  bay,  and  standing  upon  the  first  firm  ground,  a  bluff  of 
alluvial  soil,  about  six  or  ten  feet  high,  is  Point  Isabel.  Here  is  the  custom-house,  where  the 
goods  intended  for  the  river,  as  high  up  as  Roma,  are  entered.  Those  for  the  towns  above  that 
point  are  supplied  usually  by  the  way  of  Jndianola  and  San  Antonio.  Point  Isabel  is  a  small 
settlement,  the  principal  buildings  being  those  erected  by  tho  army  of  occupation  in  184G.  It 
was  from  this  point  the  army  made  its  march  to  fight  tho  battles  of  Palo  Alto,  Kesaca  de  la 
Palma,  Fort  Brown,  &c. 

It  is  well  known  that  the  Mexicans  selected  their  own  ground  for  the  two  first  named  battles  ; 
but  if  General  Taylor  had  had  in  his  hand  the  correct  map  now  presented  of  that  country,  as 
will  be  seen  by  a  glance,  he  could  not  have  selected,  in  the  neighborhood,  a  better  field  than 
Palo  Alto  to  fight  a  small  force  against  a  larger  one.  This  fact  may  have  been  known  to  others, 
but  was  not  developed  to  my  mind  until  the  completion  of  this  map.  It  will  be  seen  that  both 
flanks  of  the  American  army  were  protected,  and  the  Mexicans  were  prevented  by  the  ground 
from  using  the  advantage  due  a  much  superior  force  to  extend  their  flauks  and  envelope  the 
American  forces.  The  country  is  almost  a  dead  level,  and  presents  to  the  view  of  a  horseman 
one  unbounded  plain,  relieved  by  clusters  of  mezquitc  trees,  (chapparal,)  and  the  existence  of 
tho  morasses  to  the  rigbt  and  left  of  the  American  position  was  probably  not  known  to  tho 
Mexicans  until  they  attempted  to  outflank  their  adversaries. 

It  was  not  my  good  fortune  to  have  been  present  at  either  of  those  engagements  ;  but  I  trust 
some  of  those  who  were  will  take  advantage  of  the  map  now  furnished,  to  figure  for  the  military 
student  the  position  and  manoeuvres  of  the  troops  on  both  sides,  in  those  battles,  so  unique  in 
their  execution  and  results.  Those  two  battles  gave  tho  prestige  to  our  arms  in  the  Mexican 
war,  and  saved  tho  United  States  Military  Academy  from  destruction. 

The  Mexican  army  was  well  organized,  well  disciplined,  and  well  equipped,  inured  to  war 
by  contests  with  the  Indians,  and  in  suppressing  internal  revolution.  The  American  army 
was  perfectly  disciplined,  but,  with  the  exception  of  its  chief,  aud  a  few  other  gallant  old 
officers,  had  never  been  under  fire,  and  numbered  only  one-third  of  the  opposing  force.    Yet  on 
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their  first  encounter,  the  subordinate  officers,  chiefly  from  West  Point,  executed  their  orders 
with  the  precision  of  a  field  day  exercise,  showing  beyond  all  question  the  utility  of  military 
education  and  discipline,  and  putting  to  rest  at  once  the  attacks  on  the  Military  Academy, 
which  had  become  so  formidable  that  few  believed  it  possible  to  sustain  the  institution  a  year 
longer. 

The  general  description  of  this  part  of  the  country  will  apply  equally  to  all  the  coast  of 
Texas,  from  the  mouth  of  the  Rio  Bravo  to  the  bay  of  Corpus  Christi — indeed  to  Matagorda  bay. 
It  is  well  known  to  be  a  low,  flat  coast,  with  soundings  diminishing  regularly  in  depth  as  you 
approach  the  shore.  The  first  shore-line  is  that  of  an  island  varying  from  some  hundred  yards 
to  several  miles  in  width,  and  penetrated  at  various  points  by  inlets  with  shifting  bars,  few  of 
which  are  practicable  for  the  entrance  of  even  the  smallest  sea-going  craft.  Separating  this 
from  the  main  land  are  shallow  lagoons,  as  variable  in  breadth  as  the  island  which  separates 
them  from  the  ocean. 

When  the  army  marched  from  Corpus  Christi  to  Point  Isabel,  General  Taylor  attempted  to 
transport  his  supplies  by  the  lagoon  separating  the  two  places,  but  found  it  impracticable  even 
with  small  boats.    These  lagoons  abound  in  delicious  fish  and  fowl. 

Proceeding  inward,  the  land  bordering  the  lagoons  is,  in  the  first  ten  or  twenty  miles, 
usually  a  flat  prairie,  composed  of  alluvial  soil  and  sedimentary  depositea  of  the  ocean 
in  alternate  layers,  showing  how  gradual  and  well  contested  have  been  the  encroachments 


Lajuna  below  Lnmiu,  fifteen  mile,  above  mouth  of  Rio  Bravo  del  None. 

of  the  land  upon  the  sea.  The  rivers  taking  their  rise  in  the  cretaceous  formations,  both 
tha  sedimentary  and  alluvial  deposites  are  heavily  charged  with  lime,  making  the  soil  rich, 
black,  and  fiery— often  so  surcharged  as  to  destroy  some  descriptions  of  vegetation.  Within 
this  belt,  salt  lakes  of  value  are  not  unfrequcntly  found,  and  throughout  its  whole  extent  spots 
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occur  devoid  of  vegetation,  and  encrusted  with  a  white  saline  deposite.  Most  generally,  how- 
ever, tho  vegetation  is  a  luxuriant  coarse  grass  which  grows  nearly  waist-high,  with  an  occa- 
sional clump  of  live  oak  bordering  the  wet  places.  I  think  it  likely  this  wholo  belt  of  country 
has  been  formed  in  tho  following  manner :  the  trade-winds  from  the  southeast  are  felt  here 
with  considerable  force,  and,  blowing  inward  for  nine-tenths  of  tho  time,  fill  the  lagoons  with 
salt  water.  Suddenly  the  wind  will  shift  in  a  contrary  direction,  and  blow  with  violence  for 
two  or  three  days,  called  there  a  norther,  forcing  the  salt  water  out  to  sea,  and  leaving  the  dry 
places  to  be  covered  by  fresh  water,  thus  forming  alternate  layers  of  salt  and  fresh  water 
depositee 

This  coast  ,  as  well  as  the  whole  coast  of  Texas,  is  sometimes  swept  by  terrific  tornadoes,  which 
produce  marked  changes  in  its  topographical  and  hydrographic  features.  In  the  latter  part  of 
tho  month  of  September,  1851,  on  my  passage  in  the  steamship  Louisiana  from  New  Orleans 
to  Indianola,  we  encountered  a  violent  hurricane.  A  few  days  afterwards  we  entered  the  mouth 
of  Matagorda  bay,  and  found  the  channel  had  been  improved  by  the  storm.  It  was  deepened 
two  feet,  and  instead  of  finding  only  nine,  we  found  eleven  feet  of  water  on  tho  bar,  and  the 
channel  straightened.  This  beneficial  effect  remains,  I  am  told,  to  this  day.  This  hurricane, 
which  swept  the  town  of  Matagorda  level  with  tho  ground,  and  destroyed  every  wharf  in  the 
bay  of  Matagorda,  except  that  upon  which  our  instruments  were  placed,  forced  the  water  out  of 
tho  bay  at  such  a  rapid  rate,  that  it  could  only  escape  by  deepening  and  widening  the  channel. 

After  passing  the  belt  of  prairie,  we  find  a  ridge  of  low  sand-hills  which  seem  to  have  marked 
the  former  limits  of  the  coast,  and  here  for  the  first  time  going  towards  the  interior,  we  meet 
with  clumps  of  post-oak  called  mots.  The  trees  are  usually  crooked  and  wind-shaken,  and  unfit 
for  timber.  . 

Throughout  this  second  belt  or  steppe,  which  extends  many  miles  into  the  interior,  wherever 
sand  occurs  to  give  consistency  to  the  limestone  soil,  we  find  this  growth  in  great  abundance. 

This  admixture  of  soil  produces  the  richest  cotton  and  corn-growing  soil  in  the  world ;  but 
west  of  the  Nueces,  and  between  that  river  and  the  Rio  Bravo,  the  want  of  rain  makes  agricul- 
ture a  very  uncertain  business,  and  as  we  approach  the  last  named  river,  this  aridity  becomes 
more  marked,  and  the  vegetation  assumes  a  spioose  stunted  character — indeed,  so  marked  is  the 
change,  that  when  we  get  within  a  few  miles  of  the  river  the  vegetation  is  a  complete  chapparal. 

West  and  south  of  the  Nueoes  the  country  is  sometimes  exposed  to  excessive  and  long  con- 
tinued droughts,  and  it  is  doubtful  if  agriculture  can  be  mado  profitable  without  irrigation  ;  all 
the  region  between  that  river  and  the  Rio  Bravo  is,  however,  a  fine  grazing  country,  and  the 
numbers  of  horses  and  cattle  that  ranged  it,  belonging  to  tho  settlers  on  the  Rio  Bravo  under 
the  Spanish  rule  prior  to  1825,  arc  incredible.  To  this  day  the  remnants  of  thiB  immense  stock 
are  running  wild  on  the  prairies  between  the  two  rivers.  Hunting  the  wild  horses  and  cattle  is 
tho  regular  business  of  the  inhabitants  of  Loredo  and  other  towns  along  the  river,  and  the 
practice  adds  much  to  the  difficulty  of  maintaining  a  proper  police  on  the  frontier  to  guard 
against  the  depredations  of  Indians  and  the  organization  of  fillibustcring  parties.  In  times  of 
agitation  and  civil  war  on  the  Mexican  side,  parties  assemble  on  the  American  side  ostensibly 
to  hunt,  but  in  reality  to  take  part  on  one  side  or  the  other  in  the  affairs  of  our  neighbors.  I 
had  heard  a  great  deal  of  these  wild  horses,  but  on  an  examination  of  many  hundred  that  had 
been  caught,  I  never  saw  ono  good  one.  They  arc  usually  heavy  in  the  forehand,  cat-hammed, 
and  knock-kneed.  Their  habits  are  very  peculiar  ;  they  move  in  squads,  single  file,  and  seem 
to  obey  implicitly  the  direction  of  the  leader.    They  evince  much  curiosity,  always  reconnoitring 
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the  camp  of  the  traveller  at  full  speed,  and  when  there  chances  to  bo  a  loose  animal,  be  he  ever 
so  poor  and  jaded,  he  is  sure  to  run  off  with  the  crowd  and  disappear  entirely.  Many  a  luckless 
horseman  passing  through  this  country  has  been  left  on  foot  by  the  "stampede"  caused  by  the 
visits  of  these  wild  animals. 

Passing  through  that  region  in  1852,  after  a  long  journey  of  several  thousand  miles,  my 
animals  so  jaded  and  worn  down  that  I  considered  nothing  could  stimulate  them  to  a  gallop, 
my  line  was  charged  by  one  hundred  and  fifty  of  these  animals,  and  six  mules  with  a  heavy 
wagon,  containing  all  the  astronomical  and  other  instruments  of  the  boundary  commission, 
followed  them  across  the  prairie  at  full  speed  for  nearly  two  miles.  The  coolness  of  the  driver, 
and  the  boldness  of  the  wagon-master,  who  threw  himself  in  front  of  the  lead-mules,  stopped 
their  further  progress. 

The  section  of  country,  particularly  that  part  under  consideration,  is  traversed  by  deep 
gullies  called  arroyos,  sometimes  difficult  to  pass  in  wagons.  The  sketch  here  presented 
shows  one  of  these,  arroyos  crossed  by  the  road  leading  to  Loredo. 


Am*)  u  StctU,  two  miln  Mow  Lomkt. 

These  arroyos  are  natural  consequences  of  the  unequal  manner  in  which  the  rain  falls 
throughout  the  year.  Sometimes  not  a  drop  falls  for  several  months  ;  again,  it  pours  down 
in  a  perfect  deluge,  washing  deep  beds  in  the  unresisting  soil,  leaving  behind  the  appearance 
of  the  deserted  bed  of  a  great  river. 

The  streams  which  are  found  in  this  country  have  their  rise  in  limestone  regions,  and  the 
water  is  very  unwholesome  even  when  the  stream  is  flowing,  but  usually  the  beds  of  the  streams 
are  partly  dry,  and  the  water  is  found  standing  in  holes.  Superadded  to  its  noxious  mineral 
ingredients,  it  holds  in  solution  offensive  vegetable  matter,  and  is  disgusting  to  drink  ;  yet  it  is 
Vol.  I  8 
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upon  this  water  that  our  soldiers  are  kept  nine-tenths  of  the  time  while  watching  and  pursuing 
the  Indians  who  are  constantly  making  incursions  from  the  Mexican  side  into  the  settlements  of 
Texas.  While  the  couutry  was  in  the  military  occupancy  of  the  Spaniards  previous  to  the  revo- 
lution of  1825,  they  provided  against  this  inconvenience  hy  making  at  certain  stations  great 
reservoirs  of  solid  masonry  to  catch  the  rain-water.  The  remains  of  many  of  these  wells  were 
found,  and  they  form  one  of  the  many  external  objects  to  he  seen  throughout  the  extent  of  the 
frontier  which  convey  the  impression  that  the  country  has  steadily  gone  backwards  since  the 
days  of  the  Spanish  rule. 

Having  now  given  the  general  view  of  the  country  on  the  American  side  of  the  first  section 
of  the  boundary,  I  will  ask  the  reader  to  ascend  with  me  the  Uio  Bravo  along  the  boundary, 
where  I  will  describe  in  detail  all  that  is  worth  noting  as  high  as  the  mouth  of  the  Bio  San 
Pedro,  or  Devil's  river,  from  which  point  we  will  take  a  general  view  of  the  country  on  the 
Mexican  side,  comprising  the  States  of  Coahuila,  Tamaulipas,  and  New  Leon. 

Before  ascending  the  Rio  Bravo,  it  may  be  as  well  to  state  that  the  appointments  for  the 
survey  of  the  river  consisted  mostly  of  light  boats  unsuitcd  to  bydrographic  work  in  the  open 
Gulf;  and  not  wishing  to  incur  the  expense  of  an  outfit  for  the  limited  surveys  required  by  the 
treaty,  outside  the  river,  I  proposed,  with  the  concurrence  of  the  Secretary  of  the  Interior,  to 
obtain  the  co-operation  of  the  Superintendent  of  the  Coast  Survey,  who  had  several  well  equipped 
parties  in  the  Gulf,  and  whose  operations  I  knew  would  eventually  be  extended  to  that  locality. 
Under  this  arrangement,  by  which  the  boundnry  commission  paid  the  expenses  incidental  to 
changes  in  its  original  plan  of  operations,  and  by  which  it  was  agreed  that  the  hydrography 
should  be  done  by  the  Coast  Survey,  and  the  astronomy  and  topography  by  the  boundary  com- 
mission, Lieut.  Wilkinson,  in  command  of  the  brig  Morris,  repaired  at  the  appointed  time  to  tho 
mouth  of  the  river  and  made  soundings,  marked  on  sheet  No.  1,  by  which  we  were  enabled  to 
trace  the  boundary,  as  the  treaty  required,  "  three  leagues  out  to  sea." 

This  survey  was  conducted  in  the  summer  of  1853,  that  in  which  the  yellow  fever  scourged 
the  whole  Gulf  coast ;  yet  up  to  the  time  of  leaving  the  station,  late  in  the  summer,  no  case  of 
the  disease  had  occurred  on  board  the  vessel,  and  but  a  single  one  among  the  land  parties.  In  con- 
formity with  a  promise  made,  I  took  passage  in  the  "  Morris,"  which  was  not  entirely  sea-worthy, 
and  went  with  the  party  to  Penwacola,  where  the  yellow  fever  was  raging,  and  we  had  to  lament 
the  loss  of  the  surgeon,  Dr.  Bryan,  whose  high  professional  skill  and  many  social  virtues 
endeared  him  to  all  who  were  honored  with  his  friendship.  Several  others  of  the  party,  myself 
among  the  number,  were  taken  down  aud  narrowly  escaped  the  fate  of  Dr.  Bryan. 

The  voyage  across  the  Gulf,  which  should  have  occupied  five  days,  was,  owing  to  adverse 
winds,  gales,  and  the  condition  of  the  ship,  extended  to  eighteen  days.  I  bad  an  opportunity 
on  this  voyage  to  watch  narrowly  the  effect  of  the  storms  on  the  barometer,  and  observed  for 
the  firBt  time  a  fact  which,  I  believe,  has  since  been  well  established,  that  in  the  Gulf  the  fluc- 
tuations of  the  barometer  fail  to  give  the  usual  indications  of  the  approach  or  subsidence  of 
storms. 

The  entrance  to  the  mouth  of  the  Rio  Bravo  is  over  a  bar  of  soft  mud,  varying  from  four  to 
six  feet  deep,  and  the  river  within  a  few  hundred  yards  of  its  mouth  is  not  more  than  one 
thousand  feet  wide.  The  shore-line  of  the  coast,  scarcely  broken  by  the  action  of  the  river, 
is  formed  of  a  soriea  of  low  shifting  sand-hills,  with  a  scanty  herbage.  Inside  these  hills  are 
numerous  salt  marshes  and  lagoons,  separated  by  low  belts  of  calcareous  clay  but  a  few 
feet  above  tho  level  of  tho  sea,  and  subject  to  overflow.    The  first  high  ground  is  Burrita, 
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ten  miles  from  the  mouth,  where  there  is  a  small  settlement  of  Mexicans  engaged  in  agriculture 
upon  a  very  limited  scale. 


Mouth  M  the  Bin  Brmvo  drl  None. 

At  the  mouth  of  the  river  there  are  a  few  frame  houses  erected  by  the  army  in  184G,  now 
owned  by  the  steamboat  company  engaged  in  the  navigation  of  the  river.  Opposite  is  a  small 
Mexican  settlement  called  Bagdad,  where  the  Mexicans  from  the  interior,  as  far  as  Monterey, 
resort  for  sea  bathing.  The  sites  on  either  side  of  the  river  are  very  unsafe.  A  few  years 
before  the  Mexican  war,  the  whole  population  was  swept  off  except  the  pilot,  an  American, 
who,  with  his  family,  took  refuge  on  the  top  of  the  sand-hill  upon  which  my  observatory  was 
afterwards  erected. 

Beyond  Burrita,  the  river  still  pursues  its  serpentine  course  through  alluvial  soil,  with  an 
occasional  patch  of  arable  ground  occupied  by  Mexican  rancheros  engaged  in  the  cultivation  of 
maize  and  the  rearing  of  goats  and  chickens. 

At  the  Rancheria  de  San  Martin,  a  mouth  of  the  Rio  Bravo,  forty  feet  wide,  opens  on  the 
American  side  into  the  Laguna  Madre,  allowing  some  of  the  water  of  the  river  to  escape  to  the 
sea  by  the  Boca  Chica  and  the  Brazos  St.  Iago.  On  the  American  side  the  road  leading  from 
the  mouth  of  the  river  to  Brownsville  crosses  this  outlet  at  San  Martin,  over  a  substantial 
wooden  bridge  erected  by  the  army. 

From  this  point  upward  to  Brownsville  the  river  makes  a  great  bend  to  the  South,  and  is  so 
winding  in  its  course  that  frequently  the  curves  almost  touch.  The  land  on  each  side  is  level, 
aud  covered  with  a  dense  growth  of  heavy  mezquite,  (Algaroba.)  It  is  generally  too  high  for 
irrigation,  and  the  climate  is  too  arid  to  depend  with  certainty  upon  rain  for  the  purposes  of 
agriculture.  The  vegetation  is  of  a  Bemi-tropical  character,  and  the  margin  of  the  river,  which 
is  exposed  to  overflow,  abounds  in  reed,  canebrake,  palmetto,  willow,  and  water-plants, 
and  would  no  doubt  produce  the  sugar-cane  in  great  luxuriauce. 
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Brownsville,  situated  on  the  American  side  of  the  river  fifty  mileB  from  its  mouth  by  the 
course  of  the  river,  is  only  twenty-two  miles  distant  by  the  road.  It  contains  about 
three  thousand  inhabitants.  The  houses  are  mostly  of  wood  aud  well  built.  The  town  has 
sprung  up  since  the  Mexican  war,  and  owes  its  prosperity  chiefly  to  the  contraband  trade  with 
Mexico. 

Opposite  Brownsville  is  the  ancient  town  of  Matamoras,  with  a  population  about  the  same  in 
number  as  Brownsville. 


(Mil  fan  Brown,  Ti  »»•• 


Below  Brownsville,  and  adjoining  it,  is  the  military  post,  with  old  Fort  Brown  at  the 
farthest  extremity  of  the  public  grounds.  In  the  middle  of  the  parade  ground,  unmarked 
by  any  monument,  lie  the  remains  of  the  gallant  officer  who  fell  in  defence  of  the  fort  which 
now  bears  his  name.  The  height  of  Fort  Brown  above  the  sea  is,  by  barometrical  measurement, 
fifty  feet.  The  mean  temperature  for  the  years  beginning  1850,  and  ending  1855,  was  73° 
Fahrenheit;  the  mean  quantity  of  rain  in  the  same  years  was  annually  33. Go  inches.  These 
quantities  are  taken  from  the  Army  Meteorological  Register,  and  are  used  in  preference  to  my  own, 
as  they  cover  a  much  longer  space  of  time.  They  would  seem  to  indicate  an  abundance  of  rain 
for  all  the  purposes  of  agriculture,  and  we  should  be  at  a  loss  to  understand  the  arid  character  of 
the  country  on  both  sides  of  the  river,  were  it  not  that  the  tables  give  us  the  solution  ;  we  there 
find  that  more  than  one-half  the  rain  falls  in  the  autumn,  which  is  followed  by  a  winter  during 
which  the  thermometer  frequently  falls  below  the  freezing-point.  One-fourth  the  whole  quan- 
tity of  rain  falls  in  a  single  month,  and  it  very  often  happens  that  no  rain  whatever  falls  in 
the  months  of  May,  June,  and  July.  Consequently,  throughout  the  whole  valley  of  the  Rio 
Bravo  and  its  tributaries,  we  seldom  see  corn  growing  except  in  the  bottoms,  subject  to  over- 


Digitized  by  Google 


Digitized  by  Google 


LOWER  ElO  BEAVO. 


61 


flow,  or  upon  lands  which  are  below  the  water-level  and  can  be  irrigated  by  artificial 
channels.  Somewhat  of  this  barrenness  is  due  undoubtedly  to  the  excess  of  lime  and  saline 
matter  with  which  the  soil  iB  charged. 

As  we  ascend  above  Brownsville,  lands  within  the  water-level  become  more  frequent  nnd 
extended,  and  At  many  places  cultivated  fields  form  a  prominent  feature  in  the  landscape.  Up 
as  high  as  Reynosa,  the  belt  of  alluvial  soil  subject  to  the  influence  of  the  moisture  from  the 
river  is  very  considerable  in  width,  and  in  addition  to  corn,  the  sugar-cane  has  been  planted 
with  success.  The  foliage  on  this  portion  of  tho  river  indicates  a  richer  soil,  and  the  trees  assume 
very  much  the  dimensions  of  those  on  the  alluvial  bottoms  of  tho  Mississippi. 

It  is  within  this  region,  embracing  a  river  coast  of  one  hundred  miles,  that  the  sugar-cane  can 
be  cultivated  to  advantage ;  and  in  situations  sheltered  from  the  northers,  I  have  no  doubt 
oranges  and  lemons  could  be  raised  with  facility. 

Property,  however,  is  very  insecure  all  along  the  boundary,  and  unless  extradition  laws  with 
Mexico  are  passed,  this  fertile  tract  will  never  have  its  capacities  developed. 

The  boundary  between  the  United  States  and  Mexico  is  here  only  an  imaginary  line  running 
down  tho  centre  of  the  river,  and  an  offence  can  be  committed  on  either  Bide  with  impunity. 
A  few  minutes  served  to  place  the  offender  over  the  line,  when  the  jealousies  of  the  law  on 
either  side  step  in  to  protect  him  ;  and  where  national  prejudices  are  involved,  the  criminal  is 
not  unfrequcntly  extolled  for  his  exploits. 

It  was  in  the  summer  of  1853  that  this  portion  of  the  boundary  was  surveyed,  and  a 
revolution  headed  by  Caravajal  was  in  its  last  throes.  This  chief  had  retired  to  the  American 
side  of  the  river,  and  was  occupied  in  making  occasional  forays  into  Mexico,  aided  by  some 
American  volunteers,  mostly  composed  of  young  men,  whose  tastes  for  civil  pursuits  had  been 
destroyed  by  tho  Mexican  war.  These  efforts  were  attended  with  no  other  effect  than  that  of 
irritating  the  peaceable  inhabitants  on  both  sides,  and  were  of  great  inconvenience  to  us  in  the 
prosecution  of  the  survey.  Attempts  were  mado  several  times  to  stop  the  parties  under  my 
command  engaged  in  the  survey  of  the  river,  and  on  one  occasion  nothing  but  the  forbearance 
of  the  officer  in  command  prevented  his  party  from  firing  upon  a  detachment  of  Mexican  cavalry 
which  threatened  to  charge  them.  In  the  absence  of  the  Mexican  commissioner,  I  was  at  length 
compelled  to  make  a  direct  appeal  to  General  Cruz,  then  in  command  on  the  Mexican  side,  who 
promptly  gave  orders  along  the  line  which  had  tho  effect  to  lessen,  in  some  degree,  tho  inter- 
ruptions to  which  the  surveying  parties  were  exposed. 

We  were  scarcely  more  in  favor  on  the  American  side  of  the  line ;  for  some  months  previously 
the  United  States  troops  hod  interfered  with  a  strong  hand  to  break  up  the  enlistment  of  men 
and  the  concentration  of  fillibnstering  forces  on  our  side  of  the  river.  Although  most  of  the 
hired  men  employed  by  me  were  disbanded  fillibusteros,  tho  parties  escorted  by  a  detachment  of 
United  States  soldiers  were  usually  mistaken  for  military  scouts  in  search  of  the  violators 
of  the  law,  who  at  that  time  composed  the  majority  of  persons  on  the  frontier. 

Some  idea  of  tho  reckless  character  of  the  persons  then  infesting  that  frontier  may  be  formed 
from  the  following  circumstance,  the  truth  of  which  is  vouched  for  by  several  respectable  eye- 
witnesses.   My  own  camp  was  but  a  short  distance  from  the  place  where  tho  scene  occurred : 

One  mild  summer's  evening  several  gentlemen,  among  them  a  retired  officer  of  the  fillibns- 
teros,  were  enjoying  the  delicious  twilight  of  that  climate  on  the  bank  of  the  river  opposite  a 
point  where  was  usually  posted  a  picket-guard,  detached  from  a  Mexican  military  station  four 
miles  distant.    The  guard  of  ten  men  were  seen  to  approach  tho  jacal,  dismount,  tie  their 
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horses,  and  stretch  themselves  on  their  blankets,  some  to  sleep,  others  to  smoke,  hut  none  par- 
ticularly to  watch. 

The  conversation  of  the  first-named  party  was  rather  of  a  jocose  character,  directed  at  the 
expense  of  the  young  American  fillibuster  who  had  joined  in  tho  Caravajal  revolution,  which 
hod  jnst  heen  ended  with  such  signal  advantage- to  the  regular  Mexican  troops.  A  little 
nettled,  probably,  at  what  hod  passed,  he  offered  a  wager  of  one  hundred  dollars  that  he  would 
cross  in  a  boat  and  take  the  guard,  single-handed.  His  wager  not  being  accepted,  he  offered 
to  bet  "drinks  for  the  party."  Some  person,  not  dreaming  he  was  in  earnest,  indiscreetly 
took  the  bet. 

The  absence  of  the  fillibuster  was  scarcely  noticed,  and  the  conversation  about  other  subjects 
had  continued  for  nearly  an  hour,  when  it  was  interrupted  by  the  sharp  reports  of  a  revolver, 
and  a  yell  which  reverberated  from  shore  to  shore,  giving  the  impression  of  many  voices  ;  these 
were  quickly  followed  by  the  rolling  fire  of  a  platoon  of  musketry,  and  then  all  was  silent. 

"  Could  that  be  S  ?"  asked  one.    "  Impossible  1"  was  the  reply.    "  It  would  be  just  like 

him,"  said  a  third.  Shortly  after  a  boat  containing  two  or  three  men  was  seen  to  dart  across 
the  rapid  current  frora  tho  shadow  of  the  high  bluff  on  the  American  side.  As  it  approached 
the  opposite  side,  its  occupants,  not  wishing  to  violate  the  usages  of  the  guard,  called  out  in 
Spanish  they  were  friends,  going  over  to  see  whot  was  the  matter.  "Matter?  Hell.'" 
answered  a  voice  in  English,  "  Come  here  and  help  mc  to  drive  these  mustangs  in  the  river." 

They  found  the  guard  dispersed,  and  8  with  one  arm  shattered  by  a  musket-ball ;  with  tho 

other  ho  was  trying  to  lead  all  the  ten  horses  to  the  river-shore. 

Reynosa  is  a  small  Mexican  town  of  about  1,500  inhabitants,  opposite  an  American  settle- 
ment called  Edinburgh,  with  one  or  two  substantial  warehouses.  The  last-named  town,  like 
all  the  others  on  the  American  side,  except  Loredo,  has  been  built  since  the  war,  and  owes  its 
existence  chiefly  to  the  contraband  trade  with  Mexico.  Reynosa  is  built  on  a  low  cretaceous 
ridge,  and  it  is  here  the  first  rocks  above  tho  surface  are  seen  ;  yet  none  appear  on  the 
immediate  banks  of  the  river  until  we  reach  Las  Cuevas,  some  distance  above,  where 
wo  find  a  stratum  of  cretaceous  saudstone  10  or  15  feet  thick.  At  the  last  named  point, 
and  thence  up  the  river,  there  is  also  a  marked  diminution  in  the  quantity  of  bottom-land 
susceptible  of  cultivation,  and  vegetation  changes  its  character,  becoming  more  dwarfed  and 
spinose.  Tho  uplands  on  either  side  impinge  close  upon  the  river,  and  the  vegetation  is  prin- 
cipally mezquitc  and  cactus.  On  tho  Texas  side,  as  we  recede  from  the  river,  the  chapparol 
gives  place  to  the  opeu  prairie,  covered  with  luxuriant  grass.  This  character  of  the  river  lands 
extends  with  little  variation  up  to  Ringgold  Barracks. 

This  military  post  consists  of  a  few  comfortless  frame  houses,  situated  half  a  mile  below 
Rio  Grande  city.  Opposite,  and  four  miles  from  the  Rio  Bravo,  is  the  town  of  Camargo, 
'  of  about  one  hundred  inhabitants.  It  is  situated  on  the  San  Juan  river,  the  first  unfailing 
tributary  to  tho  Rio  Bravo  from  the  Mexican  side.  It  is  one  of  a  series  of  rivers  which 
rise  in  tho  so-called  Sierra  Mad  re,  and  go  to  supply  the  Rio  Bravo  in  summer,  the  season  of 
tropical  rains,  when  that  river  most  requires  replenishing,  as  then  the  supply  of  water  from 
tho  melting  of  the  snows  at  its  northern  sources  is  nearly  exhausted. 

Ringgold  Barracks  was  one  of  the  poiuts  selected  for  the  close  determination  of  latitude  and 
longitude  to  check  the  lineal  surveys,  and  a  point  from  which  excursions  could  be  made  with 
facility,  to  determine  secondary  points  by  reflecting  instruments  and  by  the  transmission  of 
chronometers. 
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The  result  of  the  astronomical  observations,  and  some  of  the  observations  themselves,  will  be 
found  in  the  Astronomical  Appendix. 


Cliuggolil  Uamcki  and  kio  tinuiilc  Citjr. 


Throngh  the  courtesy  of  Major  Paul,  the  commanding  officer  at  Ringgold  Barracks,  the 
observatory  was  placed  within  the  enclosure  of  the  military  grounds,  and  west  of  the  officers' 
quarters.  The  height  of  this  point  above  the  sea,  by  the  barometer,  is  521  feet ;  the  magnetic 
dip  52°  27',  aud  the  declination  9°  15'  east.  The  obscrvatoryVos  70  feet  above  the  bed  of  the 
river,  so  that  the  river-bed  is  451  feet  above  the  sea  at  this  point.  The  distance  to  the  sea, 
measured  by  the  sinuosities  of  the  river,  is  241  miles  ;  the  direct  measurement  only  75  miles. 
If  the  river  had  a  direct  run  to  the  level  of  the  sea,  it  would  have  a  fall  of  six  feet  to  the  mile, 
and  would  probably  empty  itself  in  dry  seasons,  so  that  the  tortuous  course  of  the  river,  so  vexa- 
tious to  the  traveller,  is  of  importance  in  an  economical  point  of  view.  My  observations  embraced 
three  summer  months  at  Ringgold  Barracks,  during  which  time  the  excessive  heat  was  tempered 
by  the  sea-breeze,  which  was  felt  here  daily  with  great  force.  Dr.  Brown,  assistant  surgeon 
United  States  army,  stationed  at  this  post,  has  kindly  furnished  me  with  the  meteorological 
journal  kept  by  him  for  several  years,  and  I  give  it  in  place  of  my  own,  as  it  extends  over  a  much 
greater  space  of  time,  and  will,  therefore,  afford  a  much  more  comprehensive  view  of  the  climate. 
It  may,  also,  be  taken  as  a  fair  type  of  the  climate  of  that  region  of  country  which  extends  from 
Brownsville  to  Eagle  Pass.  It  will  bo  seen  from  this  aud  subsequent  records  how  dry  the  country 
becomes  as  we  go  towards  the  centre  of  the  continent. 

The  beautiful  town  of  Roma,  1CJ  miles  above  Ringgold  Barracks,  is  the  present  head  of  steam- 
boat navigation  ;  it  is  built  upon  a  high  bluff  of  yellowish  sandstone,  containing  ferruginoua 
nodules.  When  I  visited  this  small  town,  I  was  at  a  loss  to  know  how  such  fine  residences 
and  warehouses,  all  recently  built,  could  be  sustained  by  its  trade;  but  being  the  guest  of  the 
owner  of  one  of  these  large  establishments,!  did  not  think  proper  to  be  very  inquisitive.  At  night, 
when  I  went  out  to  take  my  observations  for  the  determination  of  the  latitude  and  longitude  of 
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the  place,  I  found  that  the  mercury  of  the  artificial  horizon  was  very  tremulous,  notwithstanding 
the  calmness  of  the  night.    Not  being  able  to  overcome  the  difficulty,  or  ascertain  its  cause,  I 


put  up  my  instruments  and  returned  to  my  quarters.  On  the  way  I  encountered  a  long  train 
of  mules,  heavily  laden,  directed  towards  the  Mexican  side  of  the  river.  The  motion  of  the 
animals  caused  the  disturbance  of  the  mercury,  aud  their  rich  burden  of  contraband  goods, 
intended  for  the  Mexican  market,  explained  the  commercial  prosperity  of  the  town.  As  might 
reasonably  *be  expected  in  any  country  where  the  duties  on  foreign  goods  amount' almost  to  pro- 
hibition, smuggling  ceases  to  he  a  crime,  hot  is  identified  with  the  beat  part  of  the  population, 
and  connects  itself  with  the  romance  and  legends  of  the  frontier. 

Between  Roma  and  Ringgold  Barracks  there  is  much  excellent  land  susceptible  of  irrigation! 
and  both  hanks  of  the  river  are  thickly  settled  with  Mexicans.  There  are  many  Americans  in 
this  part  of  the  country  engaged  in  trade,  but  I  cannot,  at  this  moment,  recall  to  mind  a  single 
one  engaged  in  agricultural  pursuits.  Sugar  cane  will  grow  on  this  part  of  the  river,  but  the  land 
is  rather  too  elevated  for  that  plant  to  be  grown  with  profit.  Iudian  corn  is  the  staple  product, 
and  when  extradition  laws  are  enacted  and  enforced,  and  the  Indians  who  periodically  plunder 
the  country  are  exterminated,  the  rearing  of  cattle  will  be  followed  with  advantage. 

After  studying  the  character  and  habits  of  that  class  of  Indians  called  wild  Indians,  and 
bearing  in  mind  the  mild  and  humane  government  extended  over  them  by  the  missionaries  of 
the  Church  of  Rome,  without  producing  any  results,  I  have  come  to  the  deliberate  conclusion 
that  civilization  must  consent  to  halt  when  in  view  of  the  Indian  camp,  or  the  wild  Indiana 
must  be  exterminated.  Nothing  could  exceed  tbe  judgment,  perseverance,  and  humanity  with 
which  the  various  orders  of  the  Catholic  Church  have  pursued,  for  three  hundred  years,  the  work 
of  redemption  among  these  savages  ;  but  at  the  very  moment  when  Christianity  appeared  most 
likely  to  triumph,  the  savages  turned  upon  their  benefactors  and  swept  them  from  the  face  of  the 


LOWER  RIO  BRAVO. 


65 


earth.  There  are  distinct  races  among  tho  Indians  as  among  the  white  men,  and  before  the 
advent  of  Christianity  they  were  divided  into  semi-civilized  and  wild  races.  Tho  semi-civilized 
then,  as  now,  cultivated  the  soil,  lived  in  houses,  some  three  stories  high,  and  kept  faith  with 
each  other,  and  it  is  among  these  that  Christianity  has  made  any  permanent  impression.  The 
wild  Indians  were  then,  as  they  are  now,  at  perpetual  war  with  them,  leading  a  nomadic  life, 
defying  all  restraint,  and  faithless  in  the  performance  of  their  promises.  They  have  but  two 
settled  principles  of  action — to  kill  the  defenceless  and  avoid  collision  with  a  superior  or  equal 
force.  In  the  early  stages  of  my  experience  with  these  Indians,  1  was  inclined  to  believe  them 
maltreated,  and  to  consider  their  present  reckless  condition  the  result  of  the  encroachments  of 
the  white  people  upon  their  rights  ;  but  such  is  not  the  case — experience  proved  to  me  that  no 
amount  of  forbearance  or  kindness-could  eradicate  or  essentially  modify  the  predominant  savage 
clement  of  character.  The  semi-civilized  Indians  form,  however,  much  the  larger  class  of 
Indians  on  the  Mexican  frontier.  Indeed,  nine-tenths  of  the  population  of  all  Mexico  are 
Indians,  or  have  the  blood  of  Indians  coursing  in  their  veins.  A  pure  white,  of  unadulterated 
Spanish  blood,  is  rather  the  exception  than  the  rule.  I  do  not  know  how  far  the  effects  of  the 
sun  can  be  considered  to  have  bronzed  the  complexion,  but  it  seemed  to  me  the  proportion  of  pure 
white  in  the  northern  States  of  Mexico  bordering  on  the  boundary,  was  greater  than  in  southern 
Mexico,  always  excepting  the  cities  of  Jalapa,  Puebla,  and  Mexico. 

One  of  the  most  important  duties  of  our  survey  was  to  determine  to  which  side  the  islands  in 
the  Rio  Bravo  belonged.  For  this  purpose  it  was  agreed  between  the  Mexican  commissioner 
and  myself  to  sound  the  river  on  each  side  of  every  udand,  and  the  centre  of  the  deepest  channel 
should  be  the  boundary  line.  From  the  mouth  of  the  river  to  Ringgold  Barracks  there  are  eleven 
islands,  marked  on  the  map  from  1  to  11,  commencing  at  the  mouth,  and  this  order  of 
numbering  the  islands  is  observed  until  we  reach  the  parallel  of  31°  47',  where  the  boundary 
leaves  the  river.  The  sheets  of  the  boundary,  on  a  scale  of  ^ohej)  arc  numbered  from  1  to  54, 
No.  1  being  the  mouth  of  the  Rio  Grande,  and  the  numbers  progressing  regularly  from  tho 
Gulf  of  Mexico  to  the  Pacific.  The  islands  are  numbered  on  these  sheets  to  indicate  their 
geographical  position,  but  they  are  represented  also  on  separate  sheets  on  a  scale  of  f-J^,  to 
show  their  topographical  and  hydrographic  details,  and  to  exhibit  upon  what  data  they  have 
been  allotted  to  the  United  States  or  to  Mexico. 

Up  to  Ringgold  Barracks  these  islands  arc  of  little  value,  but  above  that  they  are  of  more 
importance.  Islands  Nos.  12  and  13,  between  Ringgold  Barracks  and  Roma,  both  fall  to  the 
United  States.  No.  13,  called  on  the  maps  Beaver  island,  divides  the  waters  of  tho  river  into 
three  parts,  and  the  channel  which  lies  nearest  to  the  Mexican  shore  is  so  narrow  that  steamers  can 
with  difficulty  pass  through  it,  yet  the  branches  are,  by  reason  of  their  shallowness,  wholly  impas- 
sable for  them.  An  attempt  was  made  by  the  Mexican  local  authorities  to  orrest  the  steamboat  in 
its  passage  through  this  channel,  but  not  only  the  survey,  but  the  actual  experience  of  the  navi- 
gator, proved  the  narrow  one  to  be  the  true  channel,  and  consequently  the  boundary  between 
the  two  countries.  The  allotment  of  all  the  islands  was  made  upon  the  condition  of  things  as 
they  existed  when  the  boundary  was  agreed  upon.  The  channel  of  the  river  may  change  and 
throw  an  island  once  on  the  Mexican  side  to  the  American,  and  vice  versa,  but  neither  the 
Mexican  commissioner  nor  myself  could  provide  against  such  a  contingency,  none  having  been 
anticipated  in  the  treaty. 

We  however  agreed,  as  far  as  that  agreement  may  be  worth  anything,  that  in  case  the  channel 
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of  the  river  changed,  the  right  of  navigation  through  the  new  channel  should  remain  unimpaired 
to  both  countries,  but  the  jurisdiction  of  the  land  must  remain  as  we  had  arranged. 

Five  miles  above  Roma,  and  opposite  Mier,  there  is  a  large  island  called  Los  Adjuntas,  which 
was  awarded  to  the  Mexican  side.  At  present  the  channel  is  between  the  island  and  the  Amer- 
ican shore.  Formerly  the  channel  was  very  nearly  equally  divided  on  either  side  of  the  island, 
but  during  the  occupation  of  Mier  by  the  American  troops  a  temporary  causeway  was  con- 
structed of  loose  stone,  to  enable  the  cavalry  to  cross  their  horses  to  the  island  for  the  purpose 
of  grazing.  This  causeway,  now  nearly  washed  away,  has  given  a  permanent  direction  to  the 
channel  which  rules  the  island  out  of  our  territory.  At  the  lower  end  of  the  Los  Adjuntas  and 
on  the  Mexican  side  are  tepid  baths,  luxurious  for  the  robust,  and  valuable  for  a  certain  class  of 
diseases.  The  springs  which  supply  these  natural  baths  are  near  them,  and  are  supposed  to 
possess  medicinal  virtues  of  a  high  order.  They  were  supposed  to  be  sulphur  springs,  but 
analyses  of  the  water  which  I  placed  in  the  hands  of  Dr.  Easter  detected  no  trace  of  sulphuretted 
hydrogen.*  The  zoological  character  of  the  rocks  from  Rcynosa,  where  the  cretaceous  forma- 
tion was  first  noticed,  up  to  Las  Moras,  a  distance  measured  on  the  parallel  of  latitude  of  144 
miles,  is  much  the  same,  while  they  differ  in  their  lithological  character.  If  any  difference  is 
to  be  noted  in  tho  zoological  character  of  these  rocks  it  is  in  the  exposure,  just  above  Roma,  at 
the  foot  of  the  island  of  Las  Adjuntas,  and  at  several  other  localities  in  the  neighborhood,  of 
banks  of  fossil  oyster-shells  of  great  size,  some  of  them  measuring  18  inches  in  length. 

I  have  noted  at  Roma  the  occurrence  of  sandstone  studded  with  nodules  of  ferruginous  iron. 
Throughout  the  section  between  the  San  Juan  river  and  Loredo,  septaria  and  strata  of  yellowish 
and  green  sandstone  frequently  cocur.  Often  the  nodules  of  more  durable  substance  project 
beyond  the  weather-worn  surface  of  the  softer  sandstone,  producing  picturesque  appearances. 

The  town  of  Mier,  famed  in  the  history  of  the  war  of  independence  of  Texas,  stands  upon  the 
Alamo  river,  four  miles  back  from  the  Rio  Grande,  contains  about  700  inhabitants,  and  is  now 
chiefly  noted  for  the  superior  quality  of  the  blanket  manufactured  there.  It  was  an  important 
point  during  the  war  with  Mexico,  being  the  point  where  tho  road  to  Monterey  diverges  from 
the  Rio  Bravo,  and  where  the  supplies  for  tho  invading  array  were  transferred  from  water 
to  land  transportation.  From  Mier  upwards,  the  c%urse  of  the  river  is  more  nearly  north  and 
south,  and  less  winding  in  its  course.  The  banks  on  either  side  become  more  abrupt  and  rocky, 
and  for  the  first  time  in  ascending  we  find  a  rocky  bottom. 

Forty-six  miles  above  Roma,  measured  by  the  river,  is  Bellville,  tho  trading  establishment  of 
a  hospitable  and  enterprising  gentleman  who  has  built  himself  a  warehouse  something  after  the 
fashion  of  old  feudal  castles — not  for  tho  purpose  of  ornament,  but  for  defence  against  the  Indians 


•llic  following  U  the  result  of  the  quantitative  analyse*  by  John  D.  Easter.  The  whole  quantity  of  solid 
0.0763  per  cent.,  counUting  of— 

Sllicn   0.016586  per  cunt 

Botoreide  iron   0.000754  •• 

Alumina   trace*. 

Ume   0.009.189  " 

Magnesia   0.009580  " 

Sodium   0.243323  " 

Chlorine   0.340470 

Sulphuric  add   0.010180  " 

Phosphoric  acid   tiuoc*. 

Iodine  acid   tracw. 
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and  banditti  of  that  country.  Opposite,  on  the  hanks  of  the  8alado,  and  four  miles  from  the 
Rio  Bravo,  is  the  town  of  Guerrero.  The  Salado,  like  the  San  Juan,  and  the  Alamo  which 
comes  ia  at  Micr,  is  a  clear  stream,  having  its  rise  in  the  sierras  of  igneous  and  metamorphic 
rock  to  the  west,  and  forms  a  true  oasis  in  the  wilderness  of  rotten  limestone  which  is  found  on 
either  side  of  the  lower  Rio  Bravo,  and  which  causes  the  waters  of  most  of  its  tributaries  to  be 
brackish  and  unwholesome. 

The  falls  of  the  Salado  are  seven  miles  above  its  junction  with  the  Rio  Bravo.  A  floral  pheno- 
menon exhibits  itself  on  the  Rio  Bravo,  which  finds  its  explanation  at  these  falls.  Just  above 
Roma,  and  thence  to  the  mouth  of  the  Salado,  the 'cypress  is  found  growing  in  the  bed 
of  the  Rio  Bravo,  and  it  was  a  matter  of  conjecture  why  it  should  grow  there  and  not 
elsewhere.  On  ascending  the  Salado  to  the  falls,  it  was  ascertained  the  principal  growth  on 
that  river  was  cypress,  and  the  trees  in  the  Rio  Bravo  were  evidently  emigrants  from  this 
colony.  It  is  to  be  hoped  that  this  useful  tree  will  continue  its  emigration  downwards,  where 
the  country  is  now  destitute  of  all  building  wood. 

The  land  from  Bellville  to  Loredo  is  not  altogether  barren  ;  there  are  many  flats  on  which 
the  water  of  the  river  could  be  brought  for  the  purposes  of  irrigation  ;  but,  until  recently,  the 
Indians  have  had  entire  possession  of  the  country,  and  now  they  make  continual  forays, 
crossing  and  recrossing  the  river  to  elude  pursuit,  at  some  of  the  many  fords  which 
occur  in  the  river.  I  was  myself  very  near  falling  into  the  hands  of  a  party  of  these  savf^es. 
Passing  in  a  wagon  from  Bellville  to  Ringgold  Barracks,  in  one  of  our  excursions  to  determine 
the  astronomical  position  of  the  former  place,  accompanied  only  by  assistant  Clark  and  the 
driver  of  the  instrument  wagon,  we  struck  the  trail  of  a  band  of  Indians,  where  two  roads 
united,  so  close  that  the  dust  was  still  flying.  We  supposed  at  the  time  we  were  following  on 
the  heels  of  a  gang  of  wild  mustangs  going  to  water.  These  Indians  were  pursued  by  Captain 
Granger  of  the  rifles,  and  brought  to  bay  just  as  they  were  crossing  the  river  and  making  good 
their  escape  to  Mexico.  That  energetic  oflicer  succeeded  in  killing  the  chief  and  several  others, 
and  capturing  all  their  horses  and  arms. 

In  many  instances,  along  this  portion  of  the  river,  American  capital  has  associated  with  it 
Mexican  labor,  in  the  attempt  to  open  farms  for  the  produce  of  grain  and  the  rearing  stock,  but 
the  incursions  of  the  wild  Indians,  and  the  depredations  of  the  somi-civilteod  and  half-breed 
Indians,  render  such  enterprises  uncertain  and  unprofitable.  After  we  ascend  about  thirty 
miles  above  Loredo,  all  settlements  on  the  Texas  side  cease  until  we  get  in  the  immediate  neigh- 
borhood of  Eagle  Pass. 

At  Loredo  there  is  a  very  considerable  Mexican  settlement,  which  dates  back  to  the  times 
when  the  Spaniards  occupied  the  country.  It  has  at  present  fallen  into  decay,  and  derives  its 
support  principally  from  the  United  States  garrison,  (Fort  Mcintosh,)  one  mile  above  the  town. 
Loredo  was  once  the  residence  of  proprietors  of  countless  horses  and  cattle,  which  have  been  run 
off  by  the  Indians.  Some  of  them,  escaping  from  their  captors,  have  formed  the  source  of  the 
numerous  herds  of  wild  horses  and  cattle  that  are  now  roaming  the  prairies  to  the  east  and 
north,  the  pursuit  of  which  affords  the  chief  occupation  of  many  of  the  inhabitants  of  the  Rio 
Bravo. 

The  country  around  Loredo  is  much  the  same  as  that  described  about  Ringgold  Barracks,  but 
is  more  elevated  and  more  frequently  intersected  by  dry  arroyos,  which  give  evidence  of  more 
frequent  and  copious  falls  of  rain. 

Here,  too,  the  geological  character  of  the  country  is  a  little  changed  by  the  frequent  occur- 
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rence  of  strata  of  compact  blue  limestone,  useful  in  building.  Tho  public  buildings  at  Fort 
Duncan  (Eagle  Pass)  aro  of  tins  material.  Other  strata  also  alternntc  with  the  main  stratum  of 
cretaceous  sandstone,  comj)osed  of  blue  clay,  more  or  less  hard,  and  marls  of  1  *    .  an.  I 

oyster  breccia  of  solid  consistence.  In  the  neighborhood  of  the  arroyo  Komhrerotillo,  ton  or 
fifteen  miles  above  Loredo,  three  miles  below  Eagle  Pass,  and  also  at  Eagle  Pass,  strata  f 
lignite  coal  occur  three  or  four  feet  thick.  This  coal  is  of  great  prospective  value  considering 
the  scarcity  of  wood  in  this  country,  and  the  probable  demand  for  fuel  when  the  rich  silver 
mines  of  the  mountains  to  the  south  are.  in  full  operation. 

Between  Loredo  and  Eagle  Pass,  or  Fort  Duncan,  a  distance  of  120  miles,  measured  by  the 
sinuosities  of  tho  river,  the  river,  its  banks  and  adjacent  country,  retain  very  much  the  same 
character  ;  the  obstructions  in  the  bed  of  the  river  becomo  more  mcky,  and  the  fall  moro  pre- 
cipitous. At  one  place,  called  the  falls  of  Rio  Grande,  or  tho  Lslitas,  the  rapids  are  im- 
passable, even  in  small  boats,  except  in  the  summer  months,  when  the  river  is  swollen  by  the 
tropical  rains  which  fall  on  the  mountains  to  the  south  and  west.  These  falls,  or  more  pro- 
perly rapids,  are  forty  miles  below  Eagle  Pass  ;  just  above,  the  old  Mexican  trail  crosses  by 
which  the  army  under  General  Woll  invaded  Texas  in  the  war  of  Independence,  and  is  the 
same  by  which  the  column  of  United  States  troops  under  General  Wool  invaded  Mexico,  to  effect 
a  junction  with  General  Taylor,  in  the  war  of  1816. 

Fort  Duncan,  five  hundred  miles  from  the  Gulf,  measured  by  the  sinuosities  of  the  river, 
is  only  208  miles  measured  in  a  direct  line.  It  is  the  westernmost  of  the  military  posts 
placed  at  intervals  along  the  lower  Rio  Bravo.  The  town  of  Eagle  Pass  adjoins  the  fort, 
and  is  a  place  of  some  trade,  having  a  few  large  warehouses,  built  of  the  blnestone  obtained 
in  the  neighborhood.  Opposite  is  tho  military  colony  of  tho  Mexicans,  called  Pic  Iras 
Negras  (black  rocks,)  after  the  coal  layers  which  crop  out  hero.  The  view  of  this  military 
colony  here  presented  is  not  strictly  true.  The  artist  has  taken  the  liberty  of  placing  on  tho 
houses  roofs  of  carpentry  work.  The  houses  are,  in  truth,  only  jacals ;  that  is  to  say,  poles 
placed  vertically,  with  the  interstices  stopped  with  mud,  and  the  tops  covered  in  by  thatched 
roofs.  The  garrison  on  the  Mexican  side,  below  this  place,  is  composed  of  regular  troops. 
This  military  colony  is  an  establishment  peculiar  to  Mexico,  and  similar  establishments  are  to 
be  found  at  several  points  higher  up  the  river.  Tho  idea  attempted  to  be  carried  out  is  to 
combine  colonization  and  military  defence.  Each  soldier  is  allowed  a  certain  quantity  of  land, 
and  is  permitted  to  live  with  his  wife  and  children,  and  not  required  to  live  in  barracks.  A 
certain  quantity  of  land  is  cultivated  for  the  benefit  of  the  whole  colony ;  beyond  the  labor 
required  for  this,  and  military  service  of  rather  irregular  character,  the  time  of  each  soldier  is 
his  own,  and  he  is  permitted  to  cultivate  as  much  land  as  he  pleases. 

Under  the  Spanish  rule,  prior  to  1825,  this  system  was  combined  with  the  missionary  power 
of  the  Catholic  Church  ;  and  all  those  Indians  now  running  wild  from  the  Gulf  of  Mexico  to 
the  Gulf  of  California  were  brought  under  the  benign  influence  of  the  church  ;  nnd  about  the 
beginning  of  the  present  century  had  attained  a  state  of  semi-civilization  which  may  truly  be 
called  the  golden  age  of  this,  now,  vast  deserted  country.  Under  the  Spanish  dominion,  a 
cordon  <>f  military  and  ecclesiastical  stations  extended  from  sea  to  sea,  over  a  distance  of  fifteen 
hundred  miles.  Military  patrols  passed  regularly  from  station  to  station,  and  at  each  stalion 
great  structures  were  erected  for  the  accommodation  of  troops;  for  religious  worship,  and  for 
the  storing  of  provisions,  the  remains  of  which  are  still  to  be  seen.  Among  them  some  of  the 
most  beautiful  specimens  of  architecture  on  the  American  continent  are  still  to  be  seen.  The 
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two  in  most  perfect  state  of  preservation  are  the  Mission  of  San  Jose*,  a  church  on  the  San 
Antonio  river,  a  few  miles  below  the  town  of  that  name,  a  sketch  of  which  is  here  given,  and 
the  Mission  of  San  Xavier,  on  the  Santa  Cruz  river,  in  the  newly  acquired  territory,  the  view 


of  which,  I  regret  to  Bay,  has  been  lost.  Most  of  the  buildings  at  these  stations,  however,  were 
erected  of  perishable  materials,  adobe  walls,  and  thatched  roofs.  As  soon  as  the  thatches  were 
destroyed,  the  walls  were  washed  Hoi»  nearly  to  their  bases  by  the  rains.  The  Indians  were 
required  to  cultivate  the  soil,  and  their  families  were  domiciled  in  the  immediate  vicinity  of  the 
station.  The  most  active  and  intelligent  warriors  were  incorporated  into  the  ranks  of  the 
military. 

The  downfall  of  this  magnificent  cordon  of  military  and  ecclesiastical  establishments,  and  the 
return  of  the  Indians  to  a  savage  life  tenfold  more  ferocious  than  ever,  is  directly  traceable  to 
two  causes.  First,  the  revolution,  where  both  the  Monarchists  and  Republicans  courted  the 
co-operation  of  the  Indians,  and  thus  invited  them  to  insubordination.  Second,  and  more 
prominently,  the  attempts  at  amalgamation,  by  intermarriage  of  the  whites  and  Indians. 

This  last  cause,  which  is  now  operating  so  banefully  over  the  whole  of  Spanish  America,  I  do 
not  think  has  been  sufficiently  estimated,  in  the  attempts  to  account  for  the  decline  and  retro- 
grade march  of  the  population  of  that  entire  region. 

Wherever  practical  amalgamation  of  races  of  different  color  iB  carried  to  any  extent,  it  is 
from  the  absence  of  the  women  of  the  cleaner  colored  race.  The  white  makes  his  alliance  with 
his  darker  partner  for  no  other  purpose  than  to  satisfy  a  law  of  nature,  or  to  acquire  property, 
and  when  that  is  accomplished  all  affection  ceases.  Faithless  to  his  vows,  he  passes  from 
object  to  object  with  no  other  impulse  than  the  gratification  arising  from  novelty,  ending  at  last 
in  emasculation  and  disease,  leaving  no  progeny  at  all ;  or  if  any,  a  very  inferior  and  syphilitic 
race.    Such  are  the  favors  extended  to  the  white  man  by  the  lower  and  darker  colored  races, 


70 


LOWER  RIO  BRAVO. 


that  this  must  always  bo  the  course  of  events,  and  the  process  of  absorption  can  never  work  any- 
beneficial  chaDge.  One  of  the  inevitable  results  of  intermarriage  between  races  of  different 
color  is  infidelity.  The  offspring  have  a  constant  tendency  to  go  back  to  one  or  the  other  ctf  the 
original  stock  ;  so  that  in  a  large  family  of  children,  where  the  parents  are  of  a  mixed  race  but 
yet  of  the  same  color,  the  children  will  be  of  every  color,  from  dnsky  cinnamon  to  chalky  white. 
This  phenomenon,  so  easily  explained  without  involving  the  fidelity  of  either  party,  neverthe- 
less produces  suspicion,  followed  by  unhappiness,  and  ending  in  open  adultery. 

The  only  mode  by  which  a  country  can  be  benefited  by  the  introduction  of  the  white  race  is 
by  the  introduction  of  both  sexes,  which,  with  proper  guards  upon  morals,  results  in  exter- 
minating or  crushing  out  the  inferior  races,  or  placing  them  in  slavery. 

Throughout  Mexico,  wherever  the  white  race  has  preserved  ita  integrity,  there  will  be  found 
a  race  of  people  very  superior  in  both  mental  and  physical  ability  ;  a  condition  due  to  the 
excellence  of  the  climate,  which  combines  all  the  qualities  requisite  for  the  development  of 
the  human  being  in  the  highest  degree. 

From  Eagle  Pass  upwards  there  are  no  settlements  on  the  American  side,  and  but  a  single 
one  on  the  Mexican  side.  In  places  are  fonnd  the  remains  of  settlements  from  which  the 
inhabitants  have  been  driven  or  carried  off  by  the  savages.  This  district  of  country,  extending 
along  the  river  seventy  miles,  until  within  five  or  ten  miles  of  the  mouth  of  the  San  Pedro, 
or  Devil's  river,  is  nevertheless  the  most  fertile  and  desirable  portion  of  the  whole  Rio 
Bravo  for  settlement.  On  the  Texas  side  it  is  watered  by  the  beautiful,  limpid  streams  of  Las 
Moras,  Piedras  Pintas,  Zocate,  and  San  Felipe,  which  come  into  the  Rio  Bravo  at  right  angles, 
and  at  equal  intervals. 

A  very  extensive  region  of  land  is  here  within  the  water-level,  and  can  be  successfully 
irrigated  ;  and  if  we  may  judge  from  tho  products  of  the  settlement  at  Santa  Rosa,  in  nearly 
the  same  parallel,  all  the  sub-tropical  fruits  and  cereals  can  bo  raised  in  these  bottom  lands  to 
advantage ;  while  the  uplands  are  clothed  with  a  luxuriant  growth  of  the  most  nutritious  grasses. 
This  country  is  unsurpassed  in  salubrity,  and  when  the  Indians  are  exterminated,  and  the 
adjacent  mines  shall  receive  their  full  development,  *  will  be  the  paradise  of  Western 
Texas.  Two  causes  will  operate  to  postpone  this  to  a  very  distant  day  :  the  proximity  to  the 
boundary,  which  affords  so  many  facilities  for  the  operations  of  banditti  and  horse-thieves ; 
and  the  character  of  the  country  beyond,  which  will  be  seen,  as  you  ascend  the  river,  to  be 
incapable  of  continuous  settlement,  and  which  must  for  a  long  time  remain  the  hiding-place 
of  the  wild  Indians. 

One  source  of  wealth  in  these  table  lands,  and  which  is  common  to  all  the  table  lands  con- 
tiguous to  the  Rio  Bravo  as  far  down  as  Reynosa,  I  have  not  yet  pointed  out ;  that  is,  the 
extensive  growth  of  certain  indigenous  plunts,  the  virtues  and  properties  of  which  are  well 
known  to  the  Mexican  and  Indian  population,  and  will  be  found  elaborated  and  specifically 
noticed  in  the  botanical  memoirs  appended. 

On  the  mesas,  or  table  lands,  which  are  unsuitcd  to  the  purposes  of  cultivation,  many  plants 
arc  found  growing  useful  in  medicine  and  dyeing;  and  various  yuccas,  dasylirions,  and  agaves, 
genera  well  known  for  their  useful  fibres,  which  we  now  import  from  foreign  countries.  There  are 
also  extensive  growths  of  shrubs  and  trees  of  the  leguminous  order,  furnishing  gums,  tannin, 
and  nutritious  pods,  highly  relished  by  the  herbiferous  animals,  wild  and  domestic. 

I  have  before  stated  that  the  present  head  of  steam  navigation  is  Roma.  At  some  distant 
day,  no  doubt,  the  navigation  will  be  extended  up  as  high  as  the  mouth  of  Devil's  river, 


LOWER  RIO  BRAVO. 


71 


a  distance,  measured  by  the  sinuosities  of  the  river,  of  567  miles ;  and  with  this  in  view, 
the  assistants  in  charge  of  the  lineal  surveys  have  been  directed  to  make  special  notes  of 
the  obstructions  in  the  river.  The  large  maps  designating  the  boundary,  and  deposited 
in  the  Department  of  the  Interior,  will  form  the  basis  upon  which  estimates  for  this 
purpose  can  be  made,  but  they  are  too  voluminous  to  accompany  this  printed  report.  The 
ideas  now  suggested  are  from  the  notes  of  assistant  Arthur  Schott,  who  was  charged  with  the 
lineal  surveys  of  the  river  from  Devil's  river  to  Ringgold  Barracks,  and  from  my  own  obser- 
vations. 

The  navigation  of  the  river  between  Edinburgh  and  Roma  is  not  free  from  obstructions, 
but  they  are  mostly  of  shifting  sand-bars,  except  the  one  formed  by  Island  13  on  the  boundary 
map,  which  may  be  improved  by  damming  two  of  the  three  channels.  Between  Roma  and 
Bcllville  the  obstructions  arc  principally  occasioned  by  Islands  15,  16,  17,  and  20,  dividing  the 
channel  of  the  river  ;  and  the  navigation  may  be  improved  in  the  same  way  by  damming  all 
the  channels  but  one,  and  dredging  the  bottom  of  the  one  left  open.  It  is  above  Bellville  that 
obstructions  become  of  rocky  character,  difficult  to  remove,  such  as  are  to  be  found  at  Islands 
25,  30,  31,  33,  35,  39  ;  and  above  Loredo,  at  the  Heron  islands,  Las  Islitas,  Cazneau  island, 
and  Chess-Board  island. 

The  worst  of  these  are  Islands  25,  30,  and  the  Islitas ;  25  is  sometimes  called  Major 
Brown's  island,  from  the  circumstance  of  the  steamer  Major  Brown  being  detained  there  a 
whole  season  waiting  for  a  rise  of  water  ;  No.  30  is  a  couple  of  small  islands,  at  the  foot  of 
which  the  channel  is  only  eleven  or  twelve  feet  wide.  Of  the  three  last-named  obstructions, 
the  Islitas  is  the  most  formidable.  Here,  in  fact,  there  is  no  channel,  and  the  rocky  islands 
obstructing  the  passage  of  the  water  can  only  be  passed  at  high  water  from  June  to  September. 

Other  obstructions  besides  islands  are  caused  by  numerous  reefs  and  spurs  of  rock.  Just 
above  Bellville  there  is  a  formidable  obstruction  of  this  kind,  marked  by  the  wreck  of  the 
steamer  "Exchange  ;"  this  obstruction  is  formed  by  two  reefs  running  in  from  the  opposite 
sides,  and  overreaching  each  other,  thus  leaving  but  a  crooked  channel,  through  which  the 
river  passes  at  the  rate  of  five  miles  per  hour.  A  similar  obstacle  occurs  about  fifteen  miles 
below  Eagle  Pass. 

Other  reefs  occur  running  entirely  across  the  river,  and  are  disposed  in  steps,  one  above  the 
other.  In  seasons  of  excessive  dryness  they  are  bare  of  water.  Of  such  character  are  the 
obstructions  noted  in  the  field-notes  of  Mr.  Schott  as  "the  snares,"  "the  meshes,"  ""the 
stone  turtles,"  and  the  "  Devil's  pen,"  all  situated  between  the  Islitas  and  Eagle  Pass. 

In  most  cases  the  rocks  forming  the  obstructions  are  sedimentary  rocks  of  the  upper  cretaceous 
age,  lying  in  horizontal  strata ;  these  would  yield  easily  to  the  pick.  How  far  it  would  be 
prudent  to  resort  to  cutting  away  these  natural  dams,  as  a  mode  of  improving  the  navigation, 
which  would  necessarily  lower  the  pools  above,  would  be  a  subject  of  investigation  for  each 
locality.  My  object  in  this  report  is  only  to  present  a  general  view  of  the  character  of  the 
difficulties  in  the  way,  and  to  present  such  maps  as  would  render  unnecessary  any  general 
survey  of  the  river  hereafter. 

Except  where  interrupted  by  arroyos,  the  country  is  uniformly  level,  no  hill  breaking  the 
general  view  until  we  reach  Eagle  Pass ;  and  it  may  be  that  in  time  the  resources  of  the 
country  will  be  sufficient  to  justify  its  connexion  by  railroad  with  San  Antonio  or  Brownsville, 
in  which  event  the  improvement  of  the  navigation  of  the  river  will  become  of  minor  importance. 

Ascending  beyond  the  mouth  of  the  San  Pedro  or  Devil's  river,  the  whole  character  of  the 
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country  changes.    The  hed  of  the  river  becomes  hemmed  in  by  rocky  mural  banks,  the  tops  of 
which  are  beyond  the  reach  of  irrigation,  and,  from  the  aridity  of  the  climate,  tb.ey  can  never 
be  made  subservient  to  the  purposes  of  agriculture.    The  general  formation  of  tl 
limestone,  deposited  in  strata  perfectly  horizontal,  aiul  where  the  river  has  washed  its  way 
through  the  banks,  presents  the  appearance  of  gigantic  walls  of  dry-laid  masonry.    The  < 
of  the  river  from  this  point  up  to  Fort  Leaton,  near  the  Presidio  del  Norte,  a  distant 
miles,  is  almost  one  continuous  canon,  utterly  unsuited  to  navigation,  and.  with  a  few  excep- 
tions, unsuited  for  settlement.    Occasionally  this  limestone  formation,  over  1.000  lee  I  in  depth, 
is  broken  through  and  upturned  by  igneous  irruptions  from  below,  forming  BtOpeaMfu."  innun- 
tains  and  gorges  of  frightful  sublimity.    I  leave  to  the  officers  undar  my »          nd.  «■] 
bravely  surveyed  these  chasms  heretofore  untrodden  by  white  men,  and  probably  by  Indians, 
the  task  of  describing  in  detail  this  section  of  the        .11    .  ..  -  Mi.  '1  by  me  at  e. 

places  to  determine  the  latitude  and  longitude. 

My  notices  have  been  principally  confined  to  the  Texas  side  of  the  boundary.    Before  leaving 
the  mouth  of  the  Rio  San  Pedro  to  ascend  the  Rio  Bravo,  I  will  bike  a  rap  untry 
on  the  Mexican  side  between  this  point  and  the  Golf.    The  most  prominent  I 
feature  is  a  chain  of  lofty  mountains  of  unequal  elevation  which  cross*,  the  Rio  Bravo  a 
miles  above  Rio  San  Pedro,  and  run  in  a  southeasterly  direction  towards  the  Gulf.    It  it 
posed  of  a  variety  of  ridges,  preserving  towards  ea  h  other,  and  towards  the  river  and  the 
Gulf  coast,  a  general  parallelism.    The  principal  ran;_'e  is  called  the  Sierra,  Mad  re.    The  eastern 
slope  of  these  mountains  forms  portions  of  the  States  of  Coahn  i    \        I     i    n  1  Tamaulipas. 
The  area  between  the  Rio  Bravo  and  the  bases  of  these  slopes  is  an  arid,  cretaceous  plain, 
covered  with  a  spinose  growth  similar  to  that  on  the  Texas  side.    Passing  from  this  pi 
the  mountains,  we  encounter  a  soil  made  up  of  the  debris  of  the  elder  rocks,  and  watered  pro- 
fusely by  limpid  streams  having  their  sources  in  the  crystalline  rocks.    And  here,  in  t; 
formed  by  these  mountains,  we  find  large  tracts  of  country  within  the  influence  of  some  irri- 
gating stream,  sheltered  from  the  northers  of  the  winter,  and  at  an  elevation  above  the  sea 
sufficient  to  overcome  the  excessive  heat  of  the  summer  due  this  parallel  q/'latituoMBfci|^^^B 
all  the  fruits  of  the  tropics  and  the  cereals  of  the  more  northern  climate.-.    The  cl 
unsurpassed  in  salubrity,  and  nothing  is  requisite  to  make  this  region  the  garden  -put  of  the 
valley  of  the  Rio  Bravo  but  a  stable  form  of  government  and  security  fron. 
savages  that  plunder  it  at  intervals. 

In  the  more  northern  portions,  as  at  Parras,  the  vine  is  grown  with  success,  and  a  luscious 
wine  is  made,  which,  however,  will  not  bear  transportation,    i  it  i  i     and  ithern 

portion,  commencing  at  Santa  Rosa,  oranges,  limes,  &c,  are  cultivated  successfully.  Some  of 
the  mountains  are  rich  in  silver,  and  at  Santa  Rosa,  as  has  been  elsewhe  -d,  the  mines' 

were  once  extensively  worked  by  the  Spaniards,  and  have  now  passed  into  the  hands  of  an 
American  company. 

In  no  civilized  country  are  statistics  more  difficult  to  obtain  than  in  Mexico^  and  several 
attempts  to  obtain  the  population  of  this  region,  composing  the  largest  portion  of  the  States 
of  Nuevo  Leon,  Coahuila,  and  Tamaulipas,  have  resulted  in  such  discrepancies  as  to  induce 
me  to  give  credit  to  none.  I  have,  however,  made  an  estimate  of  the  resident  population  of 
the  Rio  Bravo  on  both  sides,  from  the  Devil's  river  down,  which  I  here  present.  This  esti- 
mate is  rather  under  than  over  the  number,  which  has  heretofore  been  registered  too  high  : 
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Eagle  Pass  ,   300 

Piedras  Negras   600 

Loredo   700 

Colonia  Militar   50 

Loredo  Nuevo   700? 

Mier   700 

Roma   400 

Guerero   600 

Camargo   500 

Bio  Grande  city  „   500 

Beynosa  •.   600 

Brownsville   3,000 

MatamoraB   4,500 

Burrita   300 

.    Lomita   200 

Bancheriaa  at  different  points  on  the  river   6,060 


Total   20,210 


Table  of  distance*  along  the  course  of  the  river. 


- 


DUtanc*  between 
places. 


G 

place  from  n 
of  lUo  Grande 


Month  of  Rio  Bravo. . 
Brownsville  ......... 

Edinburgh   

ltincx'ild  Barracks.... 


Bellvillc  

Fort  Mcintosh................. ............................. ....... 

Fall*  of  Presidio  de  Bio  Grande  

Fort  Duncan.. .................  

Mouth  of  Rio  San  Pedro  

Mouth  of  Rio  Pecos. .  ............  ...   

Point  where  Lieut.  Mi.  hi  r  came  to  the  Rio  Bravo  from  San  Antonio  road. 

Point  of  berfnnlruf  of  Lieut.  Mlchler's  survey  in  1853  

Presidio  de  San  Vinccnto.  

Presidio  del  Norte.  ,  

Canon  on  San  Antonio  road   ;  

San  Ijrnacio  iimjmhm  i    i  

San  Ulccario  .  .  .  ...  ....................... 

El  Paso  del  Norte  .  ....... 

Initial  point  of  boundary  where  it  leaves  the  Rio  Bravo,  running  west  

Frontera  observatory  ........................................ 

 !  


49.81 

49.81 

120.  3« 

170.  17 

71.21 

241.38 

IS.  67 

258.  05 

45. 9S 

303.  98 

<1.4< 

3*4.44 

90.44 

455.  88 

39.77 

495.65 

71.  It 

566.  77 

41.48 

608.  25 

96.  88 

705.  13 

49.  05 

754.  18 

67.61 

821.79 

1.12.00 

953.  79 

22*.  78 

1,175.  57 

60.  89 

1,236.46 

40.25 

1,276.71 

25.  38 

1,302.  09 

3.41 

1,305.  50 

2.70 

1,308.20 

Vol. 
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CHAPTER  V. 

FROM  MOUTH  OF  DEVIL'S  RIVER  TO  EL  PASO  DEL  NORTE 

• 

mom  araisaa. — xaa'a  snusoa. — is dependence  cbjeec. — bio  bbavo  inaccessible. — urAK*. — caSons  and  bapeds. — hoijth  or  tot 

PEOOJ.  -DEVIL  S  RIVKJl  — pirTICI  LTV  OF  MAVIOATION.— CANON  Of  noFEClLLCMI — 0OMA5CUB  PASS. — SAN  CABEOE.  — MOCXT  C ABM II. 
AND  LOS  CUUOS.  —  SAN  VISCENTE-  —  PttESIDIO  IrW.  XOBTB— VAUO  PI  PIEDBAS.  —  TOWNE  STUB  EL  PASO. 

The  description  of  the  boundary,  up  the  river,  is  continued  by  the  following  reports  of 
,     Lieutenant  Michlor  and  assistant  Chandler : 

Washington  City,  D.  C,  March  10,  1856. 

Sib  :  The  following  is  an  extract  of  your  orders  to  me,  dated  Washington  City,  D.  C,  April 
4,  1853  :  "  You  are  charged  with  the  responsible  duty  of  completing  the  unfinished  portion  of 
the  survey  of  the  Rio  Grande,  which  forms  the  boundary  between  the  United  States  and  Mexico, 
between  Fort  Vincente  and  the  mouth  of  the  Rio  Pecos." 

Soon  after  their  receipt  the  survey  was  commenced,  and  in  the  following  August  completed. 
Since  then  the  maps  have  been  finished,  and  several  views  of  the  scenery  in  the  immediate 
locality  of  the  work  engraved. 

1  now  have  the  honor  of  submitting  a  report  of  the  manner  iu  which  the  survey  was  con- 
ducted, and  a  description  of  that  portion  of  the  river,  and  the  country  adjacent. 

Having  organized  a  party,  and  made  all  preparations  at  San  Antonio,  Texas,  we  proceeded 
on  the  road  to  £1  Paso,  and  followed  it  as  far  as  the  Pecos  Springs.  At  this  place  I  determined 
to  leave  the  road  and  strike  for  the  Rio  Grande,  as  directly  as  the  nature  of  the  couutry  would 
permit.  Owing  to  its  character,  and  the  necessity  of  taking  wagons  along,  our  route,  as  shown 
by  the  map,  became  somewhat  circuitous.  For  the  first  fifty  miles,  from  the  Rio  Pecos  to  King's 
Springs,  the  course  was  nearly  due  west,  enabling  us  to  avoid  the  many  impassable  arroyoa 
setting  in  towards  the  former  river.  The  road  ran  the  greater  part  of  this  distance  in  small 
narrow  valleys,  gradually  ascending  towards  their  heads,  passing  from  one  into  another f  over 
bigb  ridges,  by  precipitous  ascents  and  descents.  These  valleys  are  bounded  by  chains  of  bills, 
either  of  a  conical  or  oblong  shape,  the  tops  of  which  are  on  the  same  level  and  capped  by  hori- 
zontal layers  of  cretaceous  limestone ;  the  slopes  are  regular,  well  rounded,  and  steep.  From 
the  ridges,  or  bigb  plains,  which  are  generally  very  narrow,  valleys  ramify  in  every  possible 
direction  towards  the  Pecos.  The  grass  is  rich  and  luxuriant ;  low,  scrubby  bushes  are  found, 
but  no  growth  of  timber.  No  water,  except  what  collects  in  the  gullies  during  heavy  rains, 
until  you  reach  King's  Springs.  This  is  a  largo  spring  of  water,  deep  and  cleaT,  with  a  fine 
gravel-bottom,  and  well  protected  from  the  sun  by  shelving  rocks,  but  without  busb  or  tree 
to  mark  its  place.  Whilst  the  main  party  encamped  there,  a  reconnoissance  was  made  in  a 
bo  thwesterly  direction  for  nearly  sixty  miles,  when  it  was  found  impracticable  to  proceed 
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further.  The  course  lay  towards  the  '*  Los  Chisos"  mountains.  Tho  country  is  cut  up  by  im- 
mense chasms,  closed  in  by  steep  cliffs,  unseen  until  standing  upon  the  very  edge  of  their  fearful 
depths ;  rugged  hills,  covered  with  sharp  igneous  stones,  make  it  difficult  for  animals  to  travel. 
The  same  volcanic  formation  as  found  along  the  Limpia  extends  over  this  section  of  country. 
The  San  Carmel  range  appears  in  the  distance — high  mountaius,  with  their  turretod  peaks, 
could  be  seen,  presenting  a  magnificent  prospect  like  the  spires  of  some  distant  city.  Our 
efforts  to  travel  in  a  southwesterly  direction  having  proved  unsuccessful,  on  leaving  Ring's 
Springs  we  changed  our  route  to  a  southeasterly  one,  and  arrived  at  Independence  creek. 
Along  this  distance  of  forty  miles  the  country  is  of  the  same  character  as  that  first  passed  over. 
Whilst  the  traiu  remained  on  the  creek,  a  small  party  made  examinations  in  advance.  This  is 
a  beautiful  stream,  running  boldly  among  the  hills,  and  is  fed  by  innumerable  springs  bursting 
out  from  its  banks.  It  is  a  rich  treat  for  the  eye  in  that  arid  country.  Besides  a  copious  supply 
of  fresh,  clear  water,  there  is  more  timber  than  is  ordinarily  found  upon  streams  draining  these 
high  plains  :  mezquite  trees  grow  in  large  numbers  for  miles  around,  and  the  valley  furnishes 
luxuriant  grazing  for  animals.  This  place  is  much  frequented  by  Indians  ;  an  oasis  in  a  desert 
country. 

Numerous  trails  from  the  Pecos  and  the  Escundido  here  unite  and  form  a  large  broad  one, 
running  south  to  the  Rio  Grande;  there  are  unmistakable  signs  of  their  constant  use.  Leaving 
the  creek,  wc  ascended  the  contiguous  hills  and  rose  upon  n  high  plain,  over  which  wc  travelled 
forty  miles,  following  the  guidance  of  the  Indian  trail;  this  was  deeply  marked,  although  it 


Llpui  CnMUnf—  Gi|tily  flvc  milN  »bo»«  llw  nioilltl  oflli*  Perm. 

is  difficult  to  make  an  impression  on  the  surface.  It  was  a  dreary  sight  to  look  upon  the  dull, 
wide  waste  around  us ;  its  paiched  barrenness,  combined  with  the  influence  of  a  scorching  July 
sun,  was  enough  to  madden  the  brain.  The  nearer  we  approached  the  river,  the  more  rough 
the  country  became  ;  deep  ravines  and  gullies  constantly  impeded  the  progress  of  tho  wagons, 
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and  the  whole  surface  was  covered  with  sharp  angular  stones  and  a  growth  of  underbrush 
armed  with  thorns.  Along  this  portion  of  the  route,  we  found  plenty  of  water  in  tanks  at  the 
heads  of  the  ravines.  There  were,  also,  many  fine  springs.  One  in  particular  is  noticeable  for  its 
beauty  ;  falling  over  a  precipice  of  forty  feet,  its  waters  were  emptied  into  a  large  basin  worn 
out  of  the  solid  rock.  This  was  a  favorite  camping  place  of  the  Indians  ;  the  many  paintings  of 
men  and  animals  found  covering  the  rocks,  testify  to  their  rude  attempts  in  the  artistic  line. 
The  last  ten  miles  kept  gradually  descending  towards  the  river  ;  occasionally  the  wagons  had  to 
be  let  down  steep  descents  by  means  of  ropes.  Our  road  finally  emerged  upon  a  low  flat  plain 
about  twenty  feet  above  the  level  of  the  Rio  Grande.  We  had,  fortunately,  struck  the  only 
place,  as  our  examinations  afterwards  proved,  where  we  could  possibly  reach  the  river  with  our 
wagons  ;  the  route  was  a  circuitous  one,  in  all  140  miles  from  the  Pecos  Bprings.  The  initial 
point  of  our  work  was  found  to  be  a  little  over  forty  miles  above;  the  surveying  party  of  the 
previous  year  had  there  suspended  operations  in  consequence  of  the  rugged  character  of  the 
country,  and  had  returned  to  Eagle  Pass  through  Santa  Rosa  and  San  Fernando,  Mexico.  It 
was  next  to  an  impossibility  to  approach  the  river  for  the  first  twenty  miles  of  the  survey,  this 
section  being  literally  cut  up  by  deep  arroyos  ;  steep  hills,  covered  with  rocks  of  igneous  origin, 
intervene  and  jut  into  the  water's  edge.  The  river  here  is  very  tortuous.  From  the  end  of 
this  section,  the  country  undergoes  a  great  change;  the  formation  is  limestone,  and  the  river 
forces  its  way  through  a  deep  canon  nearly  twenty  miles  in  length,  its  banks  being  composed  of 


tjipu  Cti»»lrec— V»«  down  ib«  rlvtr. 


high  perpendicular  masses  of  solid  rock,  resembling  more  the  work  of  art  than  of  nature. 
Arroyos  of  the  same  structure,  at  many  places,  open  into  the  river ;  in  following  its  course, 
we  had  frequently  to  make  detours  of  twenty-five  and  thirty  miles,  in  order  to  advance  our 
work  a  few  hundred  feet.  The  plain  where  the  main  party  encamped,  and  where  we  first  struck 
the  river,  made  a  gradual  descent  to  the  water.    Here  was  the  first  break  in  the  canon,  and  the 
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crossing  being  fordable,  formed  an  accessible  pass  for  the  Indians  into  Mexico.  This  ford,, 
known  as  the  Lipan  crossing,  is  represented  by  the  preceding  sketches. 

The  Lipans  often  visited  us  here,  and  made  themselves  useful  as  guides.  As  it  proved  to  be 
impracticable  to  conduct  the  survey  on  land  without  taking  an  interminable  length  of  time,  it 
was  decided  to  make  the  attempt  in  the  bed  of  the  river  ;  anticipating  such  an  emergency,  boats 
had  been  built  at  San  Antonio  and  brought  along  in  wagons.  After  they  had  been  put  together 
and  launched,  and  everything  in  readiness,  the  train  was  sent  back  by  the  road  to  Eagle  Pass, 
there  to  meet  the  small  party  selected  to  descend  the  river  to  the  same  point.  Upon  trial,  we 
found  the  boats,  which  were  our  only  resource,  would  float — the  only  thing  that  could  be  said 
in  their  favor.  The  wood  of  which  they  were  made  was  only  partially  seasoned,  and  the  hot 
sun  had  so  warped  them,  that  they  presented  anything  but  a  ship-shape  appearance.  The  two 
skiffs  were  frail — a  moderate  blow  would  have  knocked  a  hole  in  them — and  the  flat-boat  was 
unwieldy  and  unmanageable.  The  current  was  so  strong  that  two  good  oarsmen  could  not  stem 
it  in  a  light  skiff.  At  the  point  of  embarkation  was  a  short  break  in  the  canon  of  a  few  hundred 
feet  on  both  sides  of  the  river  ;  the  water  then  again  rushed  between  rocky  banks  ten  or  twelve 
feet  high,  which  increased  in  height  as  we  proceeded.  It  would  seem  incredible  that  the  bed  of 
the  stream  could  have  been  formed  through  ledges  of  solid  rock,  as  shown  in  the  accompanying 
sketch. 


OaBcm— One  liundrrd  aiU  five  mllee  tbove  mouth  Of  tlx  Ptto*. 


The  occurrence  of  a  freshet  whilst  encamped  on  its  banks,  however,  convinced  me  of  the 
impetuosity  of  its  waters,  which  appeared  to  force  everything  before  thern.  The  bed  is  narrow, 
and  hemmed  in  by  continuous  and  perfect  walls  of  natural  masonry,  varying  from  50  to  300  feet 
in  height ;  the  breadth  of  the  river  being  extremely  contracted,  these  structures,  seen  from  our 
boats,  look  stupendous  as  they  rise  perpendicularly  from  the  water.  It  is  not  unfrequently  the 
case  that  we  travel  for  miles  without  being  able  to  find  a  spot  on  which  to  land.    The  limestone 
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formation  is  capped  by  an  infinite  number  of  hills,  about  150  feet  in  height,  and  of  every  imagin- 
able shape.  The  whole  adjacent  country  is  traversed  by  deep  arroyos  or  canons,  intended  by 
nature  to  drain  the  high  plains  bordering  on  the  river;  they  are,  in  their  appearance,  but  minia- 
ture creations  of  the  same  power  which  forced  a  passage  for  the  Rio  Grande.  Their  junctions  with 
the  river  form  large  rapids  or  falls,  caused  by  the  rocks  and  earthy  matter  washed  down  them. 
These  rapids  are  numerous,  many  of  them  dangerous,  and  will  always  prove  insurmountable  ob- 
structions to  future  navigation.  The  force  of  the  current  is  very  great,  and  for  thirty  miles  above 
the  mouth  of  the  Pecos  is  one  continued  rapid ;  its  average  rate  is  nearly  six  miles  an  hour.  The 
width  of  the  river  varies  from  80  to  300  feet,  and  at  a  few  points  narrows  down  to  25  and  30  ; 
when  confined  between  its  rocky  walls  the  channel  is  very  deep.  There  arc  no  tributaries  along 
this  section  of  the  work,  but  several  fine  springs  contrast  their  clear  blue  with  the  muddy  waters 
of  the  river.  There  is  but  little  growth  until  the  approach  to  the  mouth  of  the  Pecos  ;  a  narrow 
utrip  of  soil  is  then  occasionally  found  at  the  base  of  the  rocks,  and  gives  growth  to  some  fine 
live-oak  and  mez'iuite  trees  ;  grape-vines  flourish  in  abundance,  yielding  a  very  palatable  fruit. 
Catfish  were  the  only  kind  of  fish  caught,  some  of  them  very  large  and  heavy.   Soft-shell  turtle 


Junction  of  Uw  Rio  Braro  M  Wortp  and  the  trem. 

abound.  But  few  varieties  of  game  were  seen  ;  the  wild  turkey  in  large  numbers,  and  some  few 
deer — the  latter  of  the  black-tail  species.  The  only  practicable  way  of  making  the  survey  through 
the  caBon  was  by  allowing  the  boats  to  drop  down  the  channel,  taking  the  direction  of  the 
courses  and  timing  the  passage  from  bend  to  bend  ;  when  opportunity  offered,  the  speed  of  each 
boat  was  ascertained  by  distances  accurately  measured  on  land,  making  allowances  for  change  of 
current  and  other  causes  of  error.  Observations  for  time  and  latitude  were  taken  every  night  to 
check  the  work.  On  arriving  at  the  mouth  of  the  Pecos,  a  view  of  which  is  given  above,  the 
survey,  125  miles  in  extent,  was  completed.  The  Pecos  is  more  deserving  of  its  other  Mexican 
name,  "Puerco,"  for  it  is  truly  a  rolling  mass  of  red  mud,  the  water  tasting  like  a  mixture  of 
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every  saline  ingredient ;  its  banks  are  like  those  of  the  Rio  Grande  for  some  distance  above  its 
mouth,  and  then  become  low  and  flat.  As  we  continue  to  float  down  stream,  we  find  the 
country  below  the  junction  undergoes  some  very  considerable  changes  ;  theso  become  still  more 
apparent  on  reaching  the  San  Pedro  or  Devil's  river,  whose  waters  form  a  dividing  line  between 
two  distinct  portions  of  country.  The  banks  of  the  Rio  Grande  here  present  an  entirely  new 
appearance — they  become  low,  and  prairie  land,  covered  with  mczquite,  extends  as  far  as  the  eye 
can  see  ;  numerous  well  timbered  and  beautiful  streams  unite  their  waters  with  the  river  along 
this  portion.  Within  a  few  hours  of  each  other,  both  the  party  in  charge  of  the  train  and  the 
boat  party  reached  Fort  Duncan,  near  Eagle  Pass,  110  miles  by  the  river  below  the  mouth  of 
the  Pecos. 


View  of  Fort  Dimmit,  neu  Eugli.'  I  ir  ■ 


To  add  to  the  interest  of  the  expedition,  a  constant  excitement  was  experienced  in  the  descent 
of  numerous  falls.  Ignorant  of  what  unforeseen  dangers  awaited  us,  our  frail  boats  were  dashed 
blindly  ahead  by  the  force  of  a  swift  current  over  rocks  and  rapids,  hemmed  in  on  both  sides 
by  insurmountable  walls  which  seemed  mountain  high,  and  at  times  not  a  spot  upon  which  to 
rest  a  foot ;  there  was  but  little  chance  of  escape  from  destruction,  letting  alone  the  immediate 
peril  of  drowning  in  case  of  any  accidents  to  the  boats.  Nor  were  these  dangers  imaginary — 
a  serious  accident,  and  one  almost  fatal  to  the  success  of  the  expedition  and  to  the  lives  of  most 
of  the  party,  occurred  the  very  first  day  after  taking  to  the  boats  ;  notwithstanding  every  pre- 
caution had  been  taken,  we  were  unable  to  avoid  it,  and  our  minds  were  most  forcibly  impressed 
with  the  truth  that  real  dangers  did  exist.  After  having  descended  the  river  for  a  few  miles 
an  immense  rapid  presented  itself  to  our  view.  The  river  here  narrowed  from  nearly  three 
hundred  feet  to  the  width  of  twenty-five  ;  both  shores  could  be  touched  with  the  ends  of  the 
oars  ;  an  immense  bowlder  divided  the  main  into  two  smaller  channels,  leaving  but  a  narrow 
chute  for  the  boats  to  descend.    The  bottom  was  covered  with  large  rocks,  and  over  these  the 
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whole  mass  of  water  rushed,  foaming  and  tumbling  in  a  furious  manner ;  a  dangerous  rapid 
was  thus  formed  of  several  hundred  feet  in  length,  extending  from  bank  to  bank.  The  two 
sk}ffs  made  the  descent  in  safety,  although  the  waves  rolled  so  high  that  each  plunge  filled  them 
almost  to  overflowing.  The  flat-boat  was  not  so  fortunate  ;  totally  unmanageable,  she  ran 
square  against  the  rocky  walls,  splintering  and  tearing  away  her  entire  front ;  such  was  the 
force  of  the  blow  that  the  crew  were  knocked  flat  on  their  backs,  and  the  boat-hooks  left  firmly 
imbedded  in  the  crevices  of  the  rocks.  Thrown  back  by  the  great  swell,  she  commenced  floating 
stern  foremost  down  the  rapid,  gradually  sinking.  The  men  stnck  to  her  faithfully,  and  the 
ekifls  were  put  into  immediate  requisition;  but  by  the  expert  swimming  of  two  of  the  men, 
both  Mexicans,  who  bad  dashed  into  the  current  ere  the  sound  of  the  crash  had  died  away,  and 
seized  her  lines,  she  was  landed  on  the  end  of  a  sand-bar  which  most  providentially  lay  at  the 
foot  of  the  rapid  ;  a  few  feet  further,  both  men  and  boat  would  have  been  destroyed,  and  our  all — 
provisions  and  ammunition — irrecoverably  lost,  the  perpendicular  banks  offering  no  foothold 
where  to  land.  With  means  at  hand  to  repair  the  wreck,  we  were  again  afloat  the  following 
day,  our  craft  bereft  of  all  her  fair  proportions. 

Before  closing  this  report,  I  cannot  refrain  from  informing  you  of  the  very  able  and  willing 
assistance  rendered  me  by  my  assistants,  Messrs.  E.  A.  Phillips  and  £.  Ingraham,  and  Prof. 
Conrad  Stremme;  ai.d  of  the  patience  and  perseverance  displayed  by  them  and  the  men  com- 
posing the  party,  under  circumstances  most  peculiarly  trying. 

I  am,  sir,  very  respectfully,*you  obedient  servant, 

N.  MICHLER, 
Lieut.  Corps  Topographical  Engineers,  U.  S.  A. 

Major  W.  H.  Emory,  U.  S.  A., 

U.  S.  Commissioner. 


SAN  VINCENTS  TO  PRESIDIO  DBL  N0RTB. 

Fort  Duncan,  December  1,  1852. 

Bra :  In  accordance  with  your  directions,  I  have  the  honor  to  make  the  following  report  on  the 
topographical  survey  of  that  portion  of  the  Rio  Grande  intrusted  to  my  charge.  The  survey 
commenced  a  few  miles  above  Fort  Leaton,  in  the  neighborhood  of  the  Presidio  del  Norte,  and 
extended  to  a  point  about  one  hundred  and  twenty-five  miles  above  the  mouth  of  the  Rio  Pecos, 
embracing  a  section  of  country  which  for  ruggedness  and  wildness  of  scenery  is  perhaps 
unparalleled. 

The  appearance  of  the  valley  in  the  vicinity  of  Fort  Leaton,  with  its  succession  of  plains  and 
arable  bottoms,  forms  a  contrast  to  the  rugged  country  beyond.  From  this  valley,  which  is  from 
one  to  three  miles  wide  on  each  side  of  the  river,  we  suddenly  enter  the  range  of  the  Bofecillos 
mountains,  through  which  the  river  has  found  or  forced  a  passage,  forming  extensive  rapids 
at  its  entrance. 

A  narrow  path  along  the  river  on  the  American  side  i*  the  only  means  of  passage  in  the 
immediate  vicinity  of  the  stream  ;  and  numerous  rocks  and  branches  of  trees  obstruct  even  this 
narrow  trail. 
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The  canon  of  the  Bofecillos  mountains  is  less  rugged  in  its  character  than  those  met  with 
subsequently.  Although  the  passage  of  a  mule  train  on  the  immediate  borders  of  the  river  is 
utterly  impossible,  there  is  on  the  American  side  a  valley  extending  nearly  parallel  to  the 
course  of  the  stream,  at  a  distance  varying  from  two  thousand  to  three  thousand  feet ;  along  this 
passes  an  extensive  Indian  trail,  but  to  all  appearances  not  recently  used.    Dangerous  and  long 


Knimnrc  in  radon  Bnfrrilloo,  Rio  Bravo  del  Now". 


rapids  occur  where  the  river  leaves  the  canon,  and  the  country  loses  entirely  the  features  which 
characterize  the  north  side  of  the  Bofecillos  range.  The  hills  approach  and  recede  from  tho 
river  in  varied  succession ;  nearly  always,  however,  admitting  of  the  possibility  of  carrying 
the  line  of  survey  along  the  river  bottom,  at  least  as  far  as  the  Comanche  Pass.  Scarcely  a  tree 
or  branch  of  the  smallest  size  marks  the  hill-sides  or  summits,  and  it  is  only  on  the  immediate 
border  of  the  river  that  the  eye,  wearied  by  the  continued  succession  of  sterile  plains,  is  relieved 
by  the  sight  of  verdure  ;  and  this  only  when  the  rocky  barriers  recede  sufficiently  for  a  narrow 
strip  of  soil  to  form. 

Comanche  Pass,  on  the  Rio  Bravo,  the  most  celebrated  and  frequently  used  crossing  place  of  the 
Indians,  was  found  to  be  just  below  this  Bofecillos  range  ;  here  broad,  well-beaten  trails  lead 
to  the  river  from  both  sides.  A  baud  of  Indians,  under  the  well  known  chief  Mano,  (hand,) 
crossed  the  river  at  the  time  of  our  visit ;  they  had  come,  by  their  own  account,  from  the  head- 
waters of  Bed  river,  and  were  on  their  way  to  Durango,  in  Mexico — no  doubt  on  a  thieving 
expedition. 

At  this  pass  the  hills  on  cither  side  are  less  elevated,  and  to  the  northwest  the  depression 
seems  to  extend  many  miles.    Below  the  crossing  the  river  passes  through  a  country  varying 
but  little  from  that  which  was  met  with  above.    The  San  Carlos  mountains  rise  in  front  to  a  con- 
siderable height.    The  strips  of  bottom  land  now  become  narrow,  and  occur  at  longer  intervals. 
Vol.  I  11 
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The  passage  of  the  river  through  these  mountains  is  grand  and  imposing.  The  entrance  is 
shown  in  the  accompanying  sketch  ;  dashing  with  a  roaring  Bound  over  the  rocks,  the  stream, 
when  it  reaches  the  canon,  suddenly  becomes  noiseless,  and  iB  diminished  to  a  sixth  of  its  former 
width  ;  it  enters  the  side  of  this  vast  mountain,  which  seems  cut  to  its  very  base  to  afford  a 
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passage  to  the  waters.  On  the  right  of  the  entrance,  the  rock  is  rounded  and  smoothed  by  the 
action  of  the  water  into  an  artificial  appearance  ;  on  the  opposite  sido  the  mountain  receives  the 
river  in  its  full  force.  It  is  impossible  to  keep  along  the  edge  of  the  stream  in  its  course  through 
the  mountain,  and  just  as  impossible  to  navigate  it.  The  rapids  and  falls  which  occur  in 
quick  succession,  make  the  descent  in  boatB  entirely  impracticable. 

A  detour  by  San  Carlos  was  rendered  necessary,  and  the  river  was  again  reached  at  a  point 
some  twenty  miles  below  the  lower  termination  of  the  cation.  It  is  in  the  passage  through 
these  mountains  that  the  well  defined  "  rapids  of  tho  Rio  Grande  occur,"  which  from  their 
extent,  and  their  near  approach  to  a  perpendicular  line  in  their  descent,  merit  the  name  of 
"falls."  From  the  edge  of  the  canon  the  river  may  be  seen  far  below,  at  a  distance  so 
great  as  to  reduce  it  in  appearance  to  a  mere  thread  ;  and  from  this  height  the  roar  of  the 
rapids  and  falls  is  scarcely  perceptible. 

It  was  impossible  to  approach  them  in  consequence  of  the  rugged  nature  of  the  country  ; 
the  fall  of  the  river  at  this  point,  however,  may  be  estimated  at  twelve  feet,  without 
including  the  rapids  above  and  below.  The  stream  is  hemmed  in  by  the  caiion  for  ten  miles, 
and  then  leaves  it  with  the  same  abruptness  that  marks  its  entrance. 

It  was  hero  found  necessary  to  cross  the  mule  train  from  the  Mexican  side,  where  it  had 
travelled  Bince  the  commencement  of  the  survey.  This  was  effected,  though  with  considerable 
difficulty,  at  one  of  the  usual  crossings  of  the  Indians.    Near  this  point,  for  some  distance  above 
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and  below,  the  country  is  more  open,  the  valleys  broader,  and  are  susceptible  of  cultivation  ; 
the  bottom  land  is,  however,  limited  by  an  elevated  bank  of  gravel.  There  is  also  an  abund- 
ance of  cottonwood  and  mezquite  timber. 

Whenever  the  spectator  was  elevated  sufficiently  to  see  beyond  the  valley  of  the  river,  two 
prominent  peaks  were  always  presented  to  his  view  :  one  of  these  marks  a  summit  in  the  range 
of  the  Mexican  Sierra  Carmel ;  and  the  other,  from  its  peculiar  shape  and  great  height,  was 
long  and  anxiously  watched  during  the  progress  of  our  survey.  From  many  places  on  the 
line  it  was  taken  as  a  prominent  point  on  which  to  direct  the  instrument ;  and,  though  the 
face  of  the  country  might  change  during  our  progress  down  the  river,  still,  unmistakable 
and  unchangeable;  far  above  the  surrounding  mountains,  this  peak  reared  its  well  known 
head.  The  windings  of  the  river,  and  the  progress  of  our  survey,  led  us  gradually  nearer  to 
this  point  of  interest,  and  it  was  found  to  be  a  part  of  a  cluster,  rather  than  range,  of  mountains 
on  the  American  side,  known  as  "  Los  Chisos."  For  this  peak,  a  view  of  which  is  here  given, 
we  have  proposed  the  name  of  Mount  Emory. 


Mount  Kmory — l.o«  Chuo*  mountain -Rio  Btmvo  del  Koclc. 


After  passing  this  range  of  mountains,  the  survey  was  carried  on  with  less  labor  than  was 
previously  encountered  until  we  reached  the  Sierra  San  Vincente.  Through  these  mountains 
the  river  forces  its  way,  forming  a  cailon  that  equals  the  San  Carlos  in  many  places  both  in 
ruggedness  and  grandeur.  A  small  party  only  could  attempt  the  survey  of  this  part  of  the 
line  ;  and  the  command  was  divided,  one  party  accompanying  the  mule  train,  and  the  other, 
under  my  personal  charge,  crossed  the  mountains.  Here  we  experienced  another  series  of  falls 
or  Bharp  rapids  far  down  in  the  abyss  along  which  the  river  finds  its  difficult  course ;  the 
roaring  of  the  waters  announced  a  more  than  usual  disturbance,  and  the  boats  soon  encoun- 
tered difficulties  which,  for  one  of  them  at  least,  were  insurmountable.  In  this,  as  in  other 
canons,  it  was  impossible  to  carry  the  lino  nearer  the  bed  of  the  river  than  the  summits  of  the 
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adjoining  hills.  Two  days  were  necessary  to  overcome  the  obstructions  of  the  passage  through 
this  cafion,  from  the  top  of  which  we  thought  we  saw  a  comparatively  smooth  country  extending 
nearly  to  the  Sierra  Carmel,  the  highest  range  of  mountains  aeon  on  the  Mexican  side  of  the 
river.  On  a  high  mesa  of  gravel,  some  sixty  feet  above  the  level  of  the  river  bottom,  is 
situated  the  old  presidio  of  San  Vineente,  one  of -the  ancient  military  posts  that  marked  the 
Spanish  rule  in  this  country,  long  since  abandoned  ;  tho  adolie  walls  are  crumbling  to  decay, 
and  scarcely  a  stick  of  timber  remains  in  the  wholo  enclosure,  except  in  that  part  devoted  to 
the  chapel.  The  line  of  survey  was  connected  with  this  place  at  a  point  distinguished  by  a 
survey  flag,  and  distinctly  pointed  out  in  a  note  left,  in  accordance  with  your  orders,  for  Sefior 
Salazar,  of  the  Mexican  Commission. 

Continuing  the  survey  from  the  Sierra  de  San  Vincente,  it  was  soon  found  that  what  in  the 
distance  seemed  to  be  a  smooth  and  open  country  was  really  rough  and  broken. 

It  proved  to  be  a  country  cut  up  with  deep  arroyos,  presenting  to  the  survey  almost  insurmount- 
able obstacles.  Passing  these  arroyos,  a  wild  valley,  nearly  at  right  angles  with  the  com  ■■<■  <  >t 
the  river,  preceded  the  approach  to  the  canon  of  Sierra  Carmel,  another  of  those  rocky  dun- 
geons in  which  the  Rio  Grande  is  for  a  time  imprisoned.    No  description  can  give  an  idea  of 


Colon  below  Hcmi  itc  Carnnl. 


the  grandeur  of  the  scenery  through  these  mountains.  There  is  no  verdure  to  soften  the  bare 
and  rugged  view;  no  overhanging  trees  or  green  bushes  to  vary  the  scene  from  one  of  perfect 
desolation.  Rocks  arc  here  piled  one  above  another,  over  which  it  was  with  the  greatest  labor 
that  we  could  work  our  way.  The  long  detours  necessarily  made  to  gain  but  a  short  distance 
for  the  pack-train  on  the  river  were  rapidly  exhausting  the  strength  of  tho  animals,  and  the 
spirit  of  the  whole  party  began  to  flag.  The  loss  of  the  boats,  with  provisions  and  clothing, 
had  reduced  the  men  to  the  shortest  rations,  and  their  scanty  wardrobes  scarcely  afforded 
enough  covering  for  decency.    The  sharp  rocks  of  the  mountains  had  cut  the  shoes  from  their 
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feet,  and  blood,  in  many  instances,  marked  their  progress  through  the  day's  work.  Beyonp 
the  Sierra  Carmel  the  river  seemed  to  pass  through  an  almost  interminable  succession  of  moun- 
tains :  canon  succeeded  caSon  ;  the  valleys,  which  alone  had  afforded  some  slight  chances  ftw 
rest  and  refreshment,  had  become  so  narrow  and  devoid  of  vegetation  that  it  was  quite  a  task 
to  find  grass  sufficient  for  the  mules.  At  a  point  some  few  miles  below  Sierra  Carmel,  it  was 
supposed  that  a  better  pathway  could  be  found  on  the  Mexican  side  of  the  river.  Just  above 
the  entrance  of  the  river  into  a  small  canon  a  place  was  chosen,  which  seemed  to  afford  the 
most  feasible  opportunity  for  fording  the  river.  With  great  difficulty  the  whole  train  was 
passed  over  without  loss.  With  this  slight  interruption,  the  line  of  survey  was  carried  on  until 
it  reached  a  point  since  shown  to  be  about  one  hundred  and  twenty-five  miles  above  the  mouth 
of  the  Pecos.  Here  the  work  was  suspended,  owing  to  the  failure  of  provisions  and  the  means 
of  transportation  on  the  river.  With  the  whole  party  we  passed  down  on  the  Mexican  side 
through  the  town  of  Santa  Rosa,  and  arrived  at  Fort  Duncan  after  a  long  and  tedious  journey. 
It  is  but  proper,  in  justice  to  Messrs.  Thompson  and  Phillips,  the  gentlemen  associated  with 
me  as  assistants,  to  mention  their  names  as  an  expression  of  my  appreciation  of  their  exertions. 
To  Mr.  Phillips,  for  his  able  assistance  and  unvarying  industry,  I  feel  especially  indebted. 

I  have  forborne  any  but  an  incidental  allusion  to  the  difficulties  of  the  survey  under  my 
charge,  leaving  it  for  yourself,  so  well  acquainted  with  the  character  of  the  country  gone 
over,  to  appreciate  these  difficulties,  and  thus  excuse  any  deficiencies  that  may  have  occurred 
in  th«  work. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

M.  T.  W.  CHANDLER, 
Assistant  in  charge  of  party  U.  8.  and  Mexican  Boundary  Commission. 
Major  Wm.  H.  Emory, 

Chief  Astronomer  and  Surveyor  U.  S.  and  Mexican  Boundary  Commission. 


PRESIDIO  DEL  NORTB. 

We  arrived  in  front  of  the  Presidio  del  Norte  July  8,  1862,  and  found  watermelons  ripe 
and  the  corn  in  tassel.  The  town,  isolated  and  very  remote  from  any  other  settlement,  had 
been  suffering  from  famine.  The  Indians  had  run  off  most  of  the  cattle,  and  the  drought  for 
the  three  preceding  years  had  caused  a  failure  in  the  corn. 

The  Presidio  is  a  miserably  built  mud  town,  situated  upon  a  gravelly  hill  overlooking  the 
junction  of  the  Conchos  and  the  Rio  Bravo— the  latter  called  here  the  Rio  Puerco,  no  doubt  from 
the  contrast  of  its  muddy  waters  with  those  of  the  Conchos,  which,  except  during  freshets,  is 
limpid.  The  town,  which  contains  about  eight  hundred  souls,  is  one  of  the  oldest  Spanish  settle- 
ments in  northern  Mexico ;  but  from  the  barrenness  of  tho  soil,  an  attempt  is  making  to  settle  a 
military  colony  forty  miles  higher  up  the  Rio  Bravo,  where  the  land  is  supposed  to  be  better 
adapted  to  agriculture. 

The  church  is  within  the  walls  of  the  Presidio,  or  fort,  and  contains  one  or  two  paintings  of 
a  better  class  than  are  usually  found  disfiguring  the  walls  of  frontier  churches.  In  almost 
every  house  is  found,  in  addition  to  the  cross,  a  figure  of  our  Saviour,  which  is  sometimes  so 
very  grotesque  that  piety  itself  cannot  divest  it  of  its  ridiculous  appearance. 
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These  customs,  however,  are  a  source  of  comfort  and  happiness  in  prosperity  and  in  adversity, 
in  youth  and  in  old  age.  They  fill  the  imagination  and  give  occupation  to  the  idle,  as  the 
light  literature  of  the  day  serves  the  more  cultivated  races.  The  padre  who  presides  over  the 
church  in  this  district  was  by  nature  intended  for  the  military  profession.  Brave,  frank, 
handsome,  and  energetic,  he  is  the  leading  spirit  in  every  foray  against  the  Indians,  and  is 
by  no  means  an  insignificant  person  in  the  trade  of  the  place.  He  bears  on  his  person  more 
than  one  wound  received  in  battle.  In  the  present  isolated  and  defenceless  state  of  the  Presidio, 
this  gentleman  is  nevertheless  as  good  a  spiritual  and  temporal  adviser  as  could  be  desired. 

The  relations  between  the  Indians  of  this  region  and  several  of  the  Mexican  towns,  particu- 
larly San  Carlos,  a  small  town  twenty  miles  below,  are  peculiar,  and  well  worth  the  attention 
of  both  the  United  States  and  Mexican  governments.  The  Apaches  are  usually  at  war  with  the 
people  of  both  countries,  but  have  friendly  leagues  with  certain  towns,  where  they  trade  and 
receive  supplies  of  arms,  ammunition,  &c,  for  stolen  mules.  This  is  undoubtedly  the  case 
with  the  people  of  San  Carlos,  who  also  have  amicable  relations  with  the  Comanches,  who 
make  San  Carlos  a  depot  of  arms  in  their  annual  excursions  into  Mexico.  While  at  the  Presidio 
we  had  authentic  accounts  of  the  unmolested  march  through  Chihuahua,  towards  Dnrango,  of 
four  hundred  Comanches  under  Bajo  Sol.  It  seems  that  Chihuahua,  not  receiving  the  pro- 
tection it  was  entitled  to  from  the  central  government  of  Mexico,  made  an  independent  treaty 
with  the  Comanches,  the  practical  effect  of  which  was  to  aid  and  abet  the  Indians  in  their  war 
upon  Durango. 

In  the  fall  of  1851  I  had  the  honor  of  entertaining  at  my  camp  the  excellent  and  reverend 
Bishop  Leamy,  who  was  then  on  his  return  from  a  visit  to  the  Bishop  of  Durango,  to  adjust  the 
territorial  limits  of  their  respective  dioceses  to  make  them  conform  to  the  altered  boundaries  of 
New  Mexico  and  Texas.  lie  stated  as  his  opinion,  that  the  wealthy  State  of  Durango  must 
soon  be  depopulated  by  the  Indians.  Haciendas  within  a  few  leagues  of  the  city,  that  once 
numbered  one  hundred  thousand  animals,  are  now  abandoned. 

This  condition  of  things,  together  with  the  three  years'  drought,  had  overwhelmed  the 
inhabitants  of  that  State,  and  had  driven  them  to  unmanly  despair.  On  the  occasion  of  a  great 
fiesta  in  the  city  of  Durango,  where  no  less  than  ten  thousand  people  were  assembled  in  and 
around  the  plaza,  the  cry  was  heard  of  Los  Indios !  Bajo  Sol  1  and  in  a  very  short  time  every 
one  had  retreated  to  his  house,  leaving  no  one  to  face  the  enemy.  The  enemy,  however,  did 
not  appear  on  the  occasion,  for  it  turned  out  to  be  a  false  alarm. 

"  Bajo  Sol"  is  the  title  assumed  by  a  bold  Comanche,  who,  as  his  name  signifies,  claims  to  be 
master  of  everything  under  the  sun.  His  name,  which  strikes  dismay  into  every  heart  through- 
out Durango,  is  mentioned  only  in  a  whisper.  I  have  never  seen  the  villain  or  heard  his  name 
on  the  American  side,  where  he  probably  takes  another  soubriquet ;  but  I  did  meet  one  of  his 
lieutenants,  who,  I  have  no  doubt,  was  in  all  respects  a  worthy  disciple.  I  give  here  a  sketch 
of  this  rascal,  by  Mr.  Schott :  Ho  called  himself  "  Mucho  Toro,"  and  represented  himself  as  a 
Comanche,  but  he  was  evidently  an  escaped  Mexican  peon.  It  was  in  the  fall  of  1851,  in 
making  a  rapid  march  across  the  continent,  escorted  by  only  fifteen  soldiers  under  Lieut.  Wash- 
ington, as  we  approached  the  Comanche  springs  after  a  long  journey  without  water,  that  we 
discovered  grazing  near  the  spring  quite  one  thousand  animals,  divided  into  three  different  squads. 
As  we  approached  we  could  see  with  the  naked  eye  a  party  of  thirty  or  forty  warriors  drawn 
up  on  the  hill  overlooking  the  spring.  I  considered  it  inevitable  to  fight,  or  die  with  thirst ;  so, 
without  making  a  halt,  the  men  were  deployed  to  the  right  and  left  of  the  wagons  as  light 
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infantry,  and  the  whole  moved  rapidly  towards  the  water.  A  flag  was  raised  hy  the  Indians, 
which  was  answered  hy  Lieut.  Washington  and  two  others  riding  forward  ;  hut  believing  it  a 
ruse  to  divide  our  forces,  or  give  time  to  deliberate,  I  quickened  the  speed  of  the  column,  so  aa 
to  keep  Lieut.  Washington  under  cover  of  our  fire  ;  so  that  we  reached  the  ground  and  got 
within  pistol-shot  of  the  water  before  we  halted  to  talk.  A  man  was  sent  to  the  top  of  the  hill 
with  a  spy-glass  to  look  back,  as  if  additional  force  was  expected.  We  promptly  corraled 
our  wagons  near  the  water,  and  put  ourselves,  without  appearing  to  do  so,  in  a  good  position 
to  fight.  We  succeeded,  without  so  stating,  in  producing  the  impression  that  we  were  only  the 
advanced  guard  of  a  large  force  which  would  come  on  the  next  day,  and  possibly  that  night. 
We  assumed  all  the  air  of  the  superior  party,  staid  eighteen  hours  on  the  ground,  and  moved 
off  the  next  day,  as  if  we  had  a  regiment  to  back  us. 

The  party  were  Kioways  and  Comanches,  returning  from  a  foray  into  Mexico  with  nearly 
one  thousand  animals.  "  Mucho  Toro,"  the  chief  of  this  party,  who  spoke  Spanish  well,  stated 
he  had  purchased  his  animals  in  Mexico,  and  that  he  was  but  the  advanced  party  of  several 
hundred  warriors,  who  were  close  behind  him.  We  desired  very  much  to  attack  the  party,  but 
our  force  was  too  small,  and  we  were  three  hundred  miles  from  support.  The  next  day,  when 
crossing  the  dividing  ridge  between  the  Comanche  and  Leon  springs,  we  discovered  the  dust 
rising  from  the  trail  which  crossed  our  road  as  far  as  the  eye  could  reach,  leaving  no  doubt 
of  the  truth  of  "  Mucho  Toro's"  statement,  that  his  was  but  the  advanced  party  of  "Bajo  Sol's" 
four  hundred  men.  The  following  summer  we  found  that  such  a  party  had  passed  out  of  Mexico 
over  this  road. 


View  of  Gotnn  Vfk,  from  w«r  Fuel  Davis. 


"  Mucho  Toro"  paid  me  a  visit  in  full  dress,  on  which  occasion  he  displayed  great  humility, 
exhibiting  conspicuously  on  his  person  an  immense  silver  cross,  which  he  stated  had  been  given 
him  by  the  Bishop  of  Durango  when  he  was  converted  to  Christianity.    lie  had,  no  doubt, 
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robbed  some  cburch  of  it.  His  features  Bbowed  the  profile  of  the  Mexican  Indian  peon,  but  the 
warriors  he  commanded  had  the  bold  aquiline  profile  of  the  Kioways  and  Comancbes.  I  pre- 
sent him  as  a  type  of  that  class  of  Mexicans  who,  by  affiliation  with  the  wild  Indians,  have 
produced  sucb  irreparable  ruin  to  the  northern  States  of  Mexico. 

We  heard  of  many  such  parties,  and  encountered  many  adventures  similar  to  that  just  nar- 
rated, but  I  shall  not  trouble  the  reader  with  any  reference  to  these  rascals,  or  our  adventures 
with  them,  except  to  say  that  I  never  trusted  them  ;  and  during  the  last  year  of  my  experience 
with  them  I  gave  orders  to  permit  none  to  come  into  any  camp  under  my  orders,  and  to  kill 
them  at  sight.  By  taking  this  harsh  but  necessary  step,  I  was  the  only  person  passing  through 
this  country  who  did  not  incur  difficulty  and  loss.  The  Mexican  commission  was  robbed 
repeatedly,  and  on  more  than  one  occasion  was,  in  consequence,  obliged  to  suspend  its  operations. 

The  Rio  Bravo,  accommodating  itself  to  the  geological  formation  of  the  country,  makes, 
between  the  100th  and  the  104th  meridian  of  longitude,  two  great  bends  nearly  symmetrical, 
one  to  the  south  and  the  other  to  the  north.  The  area  included  in  the  southern  bend  is  one 
vast,  cretaceous  bed,  upheaved  by  igneous  protrusions,  sometimes  forming  ranges  of  mountains, 
as  the  Limpia  range,  and  at  others  isolated  peaks,  like  Gomez  Peak  and  Kan  Jacinto.  To  the 
east  and  north  of  the  Leon  springs  the  limestone  beds  are  in  repose,  and  do  not  appear  dis- 
turbed until  we  get  to  Las  Moras. 

It  is,  generally  speaking,  very  destitute  of  water,  and  the  excess  of  lime  in  long  continued 
droughts  often  destroys  vegetation.  There  are,  however,  oases  of  surpassing  beauty,  sucb  as 
that  described  in  Lieutenant  Michler'B  journal.    There  is  another  on  the  road  which  I  opened 
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from  the  Presidio  del  Xortc  to  the  Leon  springs,  called  the  Puerto  del  Paisano.  This  is  a  valley 
on  the  northern  slope  of  the  principal  range  of  the  Limpia  mountains,  watered  by  a  limpid 
stream  from  crystalline  rocks,  clothed  with  luxuriant  grass,  sufficient  to  graze  a  million  of 
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cattle.  On  the  hill-tops  overlooking  the  valley,  live  dhk  and  pine  grow  id  abundance,  hut 
are  much  distorted  and  wind-shaken,  and  generally  unfit  for  building  purposes. 

This  road,  which  will  be  found  traced  on  the  map,  was  opened  for  tbe  double  purpose  of 
communicating  with  my  parties  on  the  lower  Rio  Grande,  and  of  shortening  the  distance  from 
San  Antonio  to  Chihuahua.  The  route  followed  by  the  merchant  trains  is  by  the  way  of  El 
Paso,  a  distance  greater  by  300  miles.  It  is  possible  a  shorter  route  may  be  found,  but  our 
explorations  led  us  to  believe  this  was  the  shortest  one  where  a  permanent  supply  of  water 
coidd  be  obtained. 

Fort  Davis  has  been  established  since  our  survey.  There  is  now  a  constantly  travelled  road 
connecting  Fort  Davis  and  Chihuahua,  via  Presidio  del  Norte. 

Several  other  roads  have  been  opened  through  this  region — one  other  by  myself,  one  by  Colonel 
Johnston,  and  one  by  Lieutenant  Michler ;  all  having  for  their  object  a  more  direct  commu- 
nication with  the  lower  Bio  Bravo.  A  good  wagon  road  is  said  to  exist  along  the  Comanche 
trail,  figured  on  the  map,  but  this  I  doubt. 

The  area  included  in  the  southern  bend  forms  of  itself  a  distinct  drainage,  and  is  ono  of  those 
basins  peculiar  to  the  interior  of  the  continent.  It  is  called  by  the  Mexicans  the  Bolson  do 
Mapimi,  and  its  waters  run  into  the  Lake  Jaqui,  the  rendezvous  and  stronghold  of  the 
Comanches  and  Kioways,  who  annually  plunder  Durango  and  the  neighboring  States  of 
Mexico.  It  is  here  they  collect  and  divide  the  plunder,  consisting  of  women,  children,  and 
animals.  Here,  also,  they  leave  their  rifles,  depending  alone  upon  the  lance  in  their  depre- 
dations upon  the  Mexicans. 

The  immediate  neighborhood  of  the  Presidio  del  Norte,  situated  in  the  southern  bend  above 
described,  is  very  dry,  owing,  I  think,  in  some  measure,  to  the  manner  in  which  the  mountains 
recede  from  the  valley  at  that  point.  The  summer  we  passed  there,  clouds,  discharging  water 
and  electricity  copiously,  were  almost  daily  seen  following  the  ranges  of  mountains,  about  ten 
miles  to  the  south,  while  not  a  drop  fell  upon  the  Presidio  for  some  weeks.  Indeed,  so  great 
were  the  rains  to  the  south,  that  the  Conchos  was  swollen,  and  about  the  10th  of  August  the 
whole  valley  of  the  Rio  Bravo,  below  its  junction,  was  inundated.  This  is  said  to  occur 
annually. 

There  is  sometimes  an  overflow  in  June,  from  the  melting  of  the  snows  at  the  head  of  the 
Rio  Bravo,  and  it  is  to  these  two  overflows  that  the  country  is  indebted  for  the  little  capacity  it 
possesses  for  agricultural  pursuits.  A  narrow  belt  of  alluvial  soil  is  moistened,  upon  which 
corn  and  vegetables  are  raised. 

For  a  description  of  the  valley  of  the  river  from  the  Presidio  del  Norte  to  the  cafion,  where 
the  San  Antonio  and  £1  Paso  road  first  Btrikes  it,  I  give  an  extract  from  the  official  report  of 
assistant  von  Hippel : 

"  From  Presidio  del  Norte  to  Vado  dc  Piedras,  a  distance  of  twenty-four  miles,  the  valley  of 
the  Bio  Bravo  has  a  course  from  southeast  to  northwest,  and  is  from  three  to  four  miles  in  width. 
It  is  a  good  grazing  country,  and  the  soil  is  of  easy  cultivation.  This  valley  is  enclosed  by  bills 
on  the  American  side,  and  on  the  Mexican  side  by  a  large  mountain  range. 

"  Vado  de  Piedras  is  a  Mexicau  military  colony,  containing  some  three  hundred  persons. 
Here  are  large  cultivated  fields,  which  are  watered  by  accquias,  and  yield  abundant  crops  of 
wheat  and  corn.    The  place  takes  its  name  from  the  rocky  ford  of  the  river  opposite  the  town, 
which  is  quite  shallow  at  tho  ordinary  stage  of  the  water. 
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"  Here  the  river  takes  a  course  nearly  north,  through  a  valley,  varying  in  width  from  one-half 
to  one  and  a  half  miles,  till  it  comes  to  Pilaris,  forty-five  miles  from  Vado  do  Piedras.  Pilaris 
was  once  a  military  colony,  and,  from  abundant  signs  still  visible,  the  smelting  of  silver  ore  was 
carried  on  extensively.  It  has  long  betn  deserted,  and  I  could  not  learn  from  what  mount- 
ains in  the  vicinity  the  ore  was  procured.  The  river  continues  the  same  general  course  through 
a  valley,  bounded  by  high  ridges  of  mountains,  for  some  eighteen  miles,  when  it  enters  a  large 
canon  of  six  miles  in  length.  On  emerging  from  this  it  changes  its  course  to  northwest,  through 
an  open  valley  of  eight  miles  in  length,  the  bearing  of  which  is  north  and  south. 

"  It  now  passes  between  low  hills  for  some  eight  miles,  when  it  breaks  through  an  immense 
mountain  range,  where  its  banks  are  of  perpendicular  rock,  of  from  four  to  five  hundred  feet  in 
height.  In  this  canon  are  many  rapids,  and  ouc  fall  of  some  six  feet,  making  navigation  im- 
possible, except  at  a  very  high  stage  of  water. 

"  One  mile  above  the  canon,  on  the  American  side,  is  a  level  plateau  of  rock,  about  one-half 
mile  square,  near  the  centre  of  which  are  two  warm  springs,  their  cavities  having  a  funnel- 
Bhape,  and  of  great  depth.  The  temperature  of  the  water  in  them  is  about  180°  Fahrenheit. 
From  these  springs  the  river  continues  a  northwest  course,  through  a  nurrow  valley,  for  twenty- 
four  miles,  to  the  canon  where  the  San  Antonio  road  leaves  it." 

From  the  canon  up  to  El  Paso,  a  distance  of  eighty  or  ninety  miles,  the  valley  of  the  river 
will  average  from  six  to  ten  miles  in  width,  and  is,  almost  everywhere  within  the  water-level 
of  the  river,  capable  of  cultivation.    On  the  American  side,  however,  there  is  no  settlement 
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until  within  a  few  miles  of  San  Elceario,  a  distance  of  sixty  miles  from  the  canon.  On  the 
Mexican  side  there  are  two  small  military  colonies— Guadalupe  and  San  Ignacio— of  about  five 
hundred  inhabitants  each.    From  San  Elceario  up  to  El  Paso,,  a  distAnce  by  the  sinuosities  of 
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the  river  of  thirty  miles,  but  by  air-line  of  only  twenty  miles,  is  almost  one  continuous 
settlement  of  Mexicans  and  Pueblo  Indians,  with  here  and  there  an  American  farmer  or  trader. 
I  estimate  tho  whole  population  of  the  valley  as  follows : 

El  Taso   4,000 

Franklin   200 

Socorro  :   300 

San  Elceario   1,200 

Gnadalupo   800 

San  Ignacio   500 

TotaT.   T.000 


I  have  included  under  the  head  of  El  Paso  tho  Indian  town  of  Sinecu,  which  is  in  the  eastern 
part  of  the  settlement,  and  is  stated  to  have  been  built  by  the  aborigines,  before  the  occupation 
of  the  country  by  the  Spaniards. 

There  are  some  families  of  pure  Spanish  descent  in  this  valley,  but  the  population  is  generally 
of  a  mixed  character— a  cross  of  the  Indian  and  Spaniard.  They  are  mostly  engaged  in  agri- 
culture and  commerce.  Before  the  ports  on  the  lower  Rio  Bravo  were  opened,  there  was  some- 
times as  much  as  two  million  dollars'  worth  of  goods  passed  into  the  northern  States  of  Mexico  by 
the  way  of  El  Paso  ;  at  present,  I  suppose  there  is  not  more  than  $500,000  or  $1,000,000,  and 
of  import  about  $70,000.  The  grapes,  peaches,  figs,  melons,  and  the  fruits  generally  of  this 
valley,  are  t  f  very  superior  quality.  There  are  two  descriptions  of  grapes — one  white,  the 
other  large  and  blue  ;  both  are  very  luscious,  having  no  trace  of  the  musky  taste  of  American 
grapes,  and  in  skilful  hands  make  delicious  wine  and  good  brandy.  When  I  first  visited 
New  Mexico,  in  1846,  that  whole  country  was  supplied  with  wine  and  brandy  from  El 
Paso.  It  is  now  mostly  consumed  in  the  country,  or  sent  to  Chihuahua.  The  wine  as  at 
present  made  will  not  bear  transportation,  and  as  a  general  rule  is  but  an  imperfect  test  of 
what  the  grape  can  produce.  The  town  of  El  Paso  is  itself  but  one  extended  vineyard  in  the 
hands  of  many  proprietors.  The  culture  of  the  grape,  and  its  product  of  wine,  would  be  much 
increased  but  for  the  difficulty  of  procuring  vessels  in  which  to  place  it  for  transportation.  There 
is  no  wood  in  that  whole  region  from  which  casks  can  be  manufactured,  and  there  is  not  yet 
sufficient  demand  to  authorize  the  erection  of  founderies  for  making  glass  bottles. 

The  meteorological  table  which  I  have  given  in  the  general  sketch  is  not  a  fair  exhibit  of 
tho  hygrometric  character  of  this  region  ;  that  record  was  kept  in  the  last  year  of  the  great 
drought,  which  extended  through  1849-'50-'51.  In  the  succeeding  years  much  more  rain  fell, 
but  I  had  no  party  stationary  at  any  one  point,  and  therefor©  the  record  of  1851  was  given  as 
that  which  extended  over  the  greatest  space. 

In  the  summer  of  1852  the  rains  were  frequent  and  copious.  While  occupied  at  the  canon,  in 
the  astronomical  determination  of  that  station,  a  deluge  occurred  which  will  long  be  remem- 
bered by  those  present. 

In  the  middle  of  the  night  of  June  25,  the  sky  was  overcast  and  our  labors  at  the  observatory 
obstructed.  We  had  all  retired  to  bed,  when  I  was  awakened  by  a  roaring  noise,  which  I 
supposed  to  be  wind.  I  called  to  Mr.  Burns,  who  was  in  charge  of  my  zenith  telescope,  to 
take  the  usual  precautions  against  high  wind.  He  answered  that  it  was  not  wind,  but  water  ; 
adding,  if  we  did  not  leave  camp  pretty  soon  we  should  all  be  drowned.  I  had  made  the 
selection  of  my  camp  on  a  spot  which  I  supposed  secure  from  any  possible  inundation,  but  on 
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stepping  out  of  my  blankets,  found  myself  knee-deep  in  water,  which  was  rapidly  rising. 
My  first  impulse  was  to  seize  the  chronometer  and  note-books  of  the  survey,  and  make  for  the 
small  eminence  upon  which  the  observatory  was  placed.  Only  two  persons  were  near  enough 
to  assist  me,  Mr.  Gardner  and  my  cook,  and  neither  of  them  could  swim.  Ah  we  advanced, 
the  water  came  up  to  the  chin,  and  the  soft  ground  under  foot  gave  way.  It  was  with  the 
greatest  difficulty  we  reached  the  hill  with  our  precious  load.  The  night  was  inky  dark,  but 
I  caused  fires  to  be  built,  when  all  hands  immediately  went  to  work,  and  by  the  time  day  broke 
we  had  secured  nearly  everything  of  value.  The  only  public  property  lost  was  some  belonging 
to  the  escort,  composed  of  raw  recruits,  many  of  whom  could  not  speak  a  word  of  English,  and 
who,  in  the  absence  of  their  commanding  officer,  took  to  the  hills,  and  could,  not  be  brought 
down  till  day-light.  A  tremendous  rain  on  the  adjacent  mountain  had  fallen  during  the  early 
part  of  the  night,  and  the  accumulated  waters  finding  insufficient  drainage,  made  for  them- 
selves a  new  channel,  which  unfortunately  passed  through  our  camp. 

Throughout  that  whole  region  traces  of  the  same  kind  of  deluges  can  be  found,  where  for 
months  and  years  nofea  particle  of  running  water  is  ever  seen.  These  traces  receive  the  name 
of  arroyos,  and  I  think  may  be  taken  generally  as  evidences  of  a  country  subject  to  long 
droughts,  only  interrupted  at  long  intervals  by  heavy  falls  of  rain. 

On  a  more  recent  visit  to  El  Paso,  in  the  summer  of  185!),  the  rains  were  very  frequent  and 
heavy.  On  one  occasion  several  adobe  houses  were  washed  down,  and,  with  few  exceptions, 
every  house  in  the  place  was  damaged  and  rendered  leaky.  This  town,  although  built  in  the 
sixteenth  century,  and  possessing  a  very  considerable  trade,  does  not  contain  a  single  stone, 
brick,  or  wooden  building.  The  houses,  of  one  story,  are  built  of  adobe,  (mud  and  straw,)  and 
the  tops  covered  with  tilo,  grass,  or  mud,  supported  by  undressed  Cottonwood  logs.  They 
resemble  very  much  the  ruins  of  the  houses  described  in  the  oases  of  Syria,  and  particularly  in 
the  dimensions  of  the  rooms,  which  are  accommodated  to  the  rude  carpentry  of  semi-civilized 
nations.  However  long  a  room  may  be,  it  is  never  more  than  twenty  or  thirty  feet  wide,  the 
span  of  a  stick  of  timber,  without  the  aid  of  king-post*. 
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SKETCH  OF  TERRITORY  ACQUIRED  BY  TREATY  OF  DECEMBER  30,  1853. 


The  territory  acquired  under  the  treaty  of  December  30,  1853,  lies  between  the  parallels  of 
31°  20*  and  33°  30*,  and  between  the  meridians  of  106°  30'  and  104°  of  longitude  measured  from 
Greenwich,  and  contains  26,185  square  miles. 

Its  eastern  part  is  bounded  by  the  Bio  Bravo  ;  its  northern  by  the  Bio  Gila.  The  interior 
of  the  area  is  traversed  by  two  rivers,  which  run  northwest  and  empty  into  the  Gila.  These  are 
the  San  Pedro  and  the  Santa  Cruz. 

A  smaller  rivulet,  lying  to  the  east  of  both  of  these,  called  the  San  Domingo,  takes  its  rise 
near  the  middle  of  the  territory  and  runs  in  a  northwest  direction,  emptying  into  the  Gila.  This 
last  named  river,  like  the  Santa  Cruz,  is  of  uncertain  flow,  and  in  dry  seasons  only  stands  in  pools, 
or  is  found  running  under  ground,  making  it  necessary  for  the  traveller  or  grazier  to  dig  for  water. 
There  are  numerous  springs  scattered  about  in  the  mountains  which  dot  this  area,  but  as  they 
do  not  usually  occur  in  the  levels  or  mesas,  it  is  somewhat  difficult  to  reach  them. 

The  mountains  which  traverse  this  territory  run  mostly  in  the  same  general  direction  as  the 
river — that  is  so  say,  northwest  and  southeast.  The  most  remarkable  feature  in  the  mountain 
system  of  this  region,  is  that  the  elevations  are  mostly  isolated,  and  have  received  the  local 
designation  of  "  Lone  Mountains,"  so  that  a  traveller  passing  from  the  Bio  Bravo  to  the  Pimo 
villages  may,  by  deflecting  slightly  from  a  straight  line,  pass  most  of  the  way  over  a  mesa,  the 
different  planes  of  which  vary  but  slightly  in  elevation,  and  are  usually  from  3,000  to  4,000 
feet  above  the  sea. 

It  is  that  peculiarity  which  gives  this  territory  a  leading  interest  as  affording  a  practicable 
passage  for  a  national  railway  to  the  Pacific,  and  the  facility  of  making  a  military  road  over 
easy  gradients  to  unite  the  posts  in  the  valley  of  the  Bio  Bravo  with  those  on  the  Gila  and  in 
California. 

These  levels,  although  usually  covered  with  a  luxuriant  growth  of  nutritious  grasses,  are 
mostly  destitute  of  water ;  hence,  the  traveller  is  now  obliged  to  seek  his  road  over  a  more  rugged 
surface  in  the  mountains,  where  water  is  to  be  found.  Thessflevels,  however,  are  the  recipients 
of  the  drainage  of  the  surrounding  mountains,  and  water  can  be  had  by  sinking  wells  at  no 
great  depth  below  the  surface. 

South  of  the  Picacho  de  los  Mimbres  the  Bio  Mimbres,  which  is  a  large  lively  stream  in  the 
mountains,  disappears  entirely  in  its  course  to  the  south,  in  a  large  open  plain,  which  presents 
to  the  eye  of  the  distant  observer  the  appearance  of  a  meadow. 

'West  as  far  as  112°  meridian  of  longitude,  the  soil  of  the  levels  and  hills  is  everywhere  good, 
and,  except  in  the  playas,  covered  with  a  luxuriant  growth  of  nutritious  grass,  mostly  the  grama. 
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The  playas  arc  large  flats  where  water  accumulates,  and  salts  deleterious  to  vegetation  are  dis- 
engaged from  the  soil.    They  are  not,  however,  very  extensive,  nor  do  they  occur  very  often. 

West  of  the  112th  meridian,  the  soil  becomes  very  sandy ;  the  mountains  of  igneous  rocks  are 
bare  of  vegetation,  and  as  we  approach  the  Gulf  of  California,  except  in  the  immediate  beds  of 
the  Gila  and  Colorado,  the  country  becomes  a  hopeless  desert — dest  itute  alike  of  both  water  and 
vegetation — and  from  the  best  information  I  can  collect,  this  is  the  character  of  the  eastern  coast 
of  the  Gulf  of  California  as  far  down  as  the  island  of  Tiburon,  (almost  to  Mazatlan.)  Of  this 
particular  section  the  memoir  of  Lieutenant  Michler,  which  follows  this,  will  give  a  more 
detailed  description. 

It  is  very  possible  the  whole  of  the  new  territory,  except  the  region  of  desert  country  referred 
to  above,  may  be  brought  under  the  influence  of  artesian  wells  and  made  productive  ;  but  until 
that  is  the  case,  agriculture  must  be  confined  to  the  beds  of  the  river,  where  the  land  is  below 
the  water-level.  There  are  many  tracts  of  this  kind  of  surpassing  richness,  but  of  limited 
extent,  on  the  Rio  Bravo,  on  the  Rio  Gila,  on  the  San  Pedro,  and  on  the  Santa  Cruz.  Those 
which  are  most  conspicuous,  and  which  are  at  present  in  a  very  advanced  state  of  cultivation, 
are  the  Mesilla  Valley  on  the  Rio  Bravo,  the  Valleys  of  Tucson  and  Tomacacori  on  the  Santa 
Cruz,  and  the  settlement  of  the  Pimos  on  the  Gila  river. 

Throughout  the  whole  course  of  the  San  Pedro  there  are  beautiful  valleys  susceptible  of  irriga- 
tion, and  capable  of  producing  large  crops  of  wheat,  corn,  cotton,  and  grapes;  and  there 
are  on  this  river  the  remains  of  large  settlements  which  have  been  destroyed  by  the  hostile 
Indians,  tho  most  conspicuous  of  which  are  the  mining  town  of  San  Pedro  and  the  town  of  San 
Cruz  Viejo.  There  are  also  to  be  found  here,  in  the  remains  of  spacious  corrals,  and  in  the 
numerous  wild  cattle  and  horses  which  still  are  seen  in  this  country,  the  evidences  of  its  immense 
capacity  as  a  grazing  country. 

Removed  from  the  river-beds,  at  the  base  of  the  mountains,  where  perpetual  springs  are  found, 
are  also  to  bo  seen  the  remains  of  large  grazing  establishments ;  the  most  famous  of"  which 
is  the  ranch  of  San  Bernardino,  which  falls  half  in  the  United  States  and  half  in  Mexico.  I 
have  been  informed  that  this  establishment  was  owned  in  Mexico,  and  when  in  its  most  flourish- 
ing condition  boasted  as  many  as  one  hundred  thousand  head  of  cattle  and  horses.  They  have 
been  killed  or  run  off  by  the  Indians,  and  the  spacious  buildings  of  adobe  which  accommodated 
the  employes  of  this  vast  grazing  farm  are  now  washed  nearly  level  with  the  earth. 

Wherever  water  is  sufficient,  thiB  whole  region  presents  marvellous  advantages  for  the  raising 
of  stock,  owing  to  the  character  and  quantity  of  the  grass,  tho  mildness  of  the  winters,  and  its 
almost  perfect  exemption  from  flies  and  mosquitoes. 


Retaining  a  vivid  recollection  of  the  constantly  threatened  desertion  of  our  work  in  California, 
and  tho  inconveniences  which  sometimes  actually  occurred,  growing  out  of  the  gold  mania  which 
raged  there  in  1849,  just  as  we  were  commencing  to  run  the  line,  I  kept  the  search  for  gold  and 
other  precious  metals  as  much  out  of  view  as  possible,  scarcely  allowing  it  to  be  the  subject  of 
conversation,  much  less  of  actual  sc&rch  *  to  r  I  well  knew  if  this  mania  was  once  to  seize  my 
party,  it  would  be  attended  with  the  worst  consequences ;  consequently,  our  investigations  iuto  the 
mineral  wealth  of  the  region  have  not  been  as  thorough  as  they  otherwise  would  have  been. 

Enough  was  ascertained,  however,  to  convince  us  that  the  whole  region  was  teeming  with  the 
precious  metals.     We  everywhere  saw  the  remains  of  mining  operations,  conducted  by  the 
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Spaniards,  and  more  recently  by  the  Mexicans.  At  this  moment  several  companies  from  California 
are  prospecting  with  success,  and  one  company  is  working  a  mine  in  the  Sierra  del  Ajo,  west  of 
Tucson.  There  are  the  remains  of  mines  in  the  Mimbres  mountains,  rich  in  copper  and  gold; 
in  the  San  Pedro  mountains,  between  the  San  Pedro  and  Santa  Cruz  rivers,  and  on  the  Santa 
Cruz  river  a  few  miles  north  of  the  boundary,  there  are  the  remains  of  a  mill  for  crushing  gold 
quartz.  These  came  under  my  own  observation ;  and  we  had  many  reports  of  mines  to  the 
north,  and  invitations  to  visit  them,  which  it  was  inconvenient  to  accept.  We  had  what  I  consider 
authentic  accounts  of  silver  being  found  in  placers  in  the  Ajo  mountains  a  little  north  of  the 
line  ;  although  I  have  never  before  heard  or  read  of  silver  being  found  in  placers.  I  was  in- 
formed upon  authority  which  I  could  not  permit  myself  to  doubt,  that  a  solid  lump  of  virgin 
silver  had  been  picked  up  in  that  region  weighing  eighteen  ounces.  Gold  had  been  found  in 
placers  in  the  new  territory  in  small  quantities,  in  the  Mimbres  mountains,  in  the  Chirricuhui, 
and  in  the  hills  bordering  the  Santa  Cruz  river,  between  the  boundary  and  the  Calabasas  ranch  ; 
and  quite  a  rich  placer  is  found  in  the  mountains  to  the  south  of  the  line  near  Cocoupcra.  Argen- 
tiferous galena,  iron  oro  and  meteoric  iron  are  found  in  several  localities.  The  analysis  of  Dr. 
Easter  which  is  appended  to  this  report  will  give  the  values  of  such  of  the  metals  as  are  collected. 

I  hope  nothing  I  may  say  will  induce  persons  to  run  off  in  unprofitable  searches  in  these 
distant  and  unprotected  regions.  To  guard  against  this  it  may  be  well  to  stat«,  the  country  is 
now  full  of  prospecters  from  California,  who  will  undoubtedly  discover  anything  worth  knowing. 

There  are  causes  which  must  operate  against  the  speedy  development  of  the  mineral  wealth  of 
this  country,  uo  matter  how  rich  it  may  prove.  One  is  the  hostility  of  the  Indians,  which 
makes  it  unsafe  for  parties  of  less  than  fifteen  or  twenty  to  traverse  the  country  ;  another  is  its 
remoteness  from  navigation  and  the  scarcity  of  water. 

There,  are  within  this  territory  font  settlements  ;  one  the  Mesilla  Valley  settlement,  containing 
about  fifteen  hundred  inhabitants  of  the  mixed  Spanish  and  Indian  races,  all  engaged  in  the 
pursuit  of  agriculture. 

At  Tucson  there  is  a  settlement  consisting  of  about  seventy  families,  engaged  in  the  same 
way.  South  of  Tucson  there  is  a  small  settlement  at  Sau  Xavier  of  semi-civilized  Indians,  called 
Papagos ;  and  further  on,  at  Tornacacori,  a  small  settlement  of  Germans. 

San  Xavier  was  once  a  Jesuit  mission,  and  there  remains  in  a  very  good  state  of  preservation 
a  large  and  handsome  church. 

The  most  considerable  and  interesting  settlement  in  the  new  territory  is  composed  of  a  con- 
federacy of  semi-civilized  Indians,  the  Pimos  and  Coco  Maricopa*.  Their  population  is  variously 
estimated  at  from  five  to  ten  thousand.  The  military  commandant  at  Santa  Cruz  estimated  the 
number  of  warriors  which  they  could  muster  at  two  thousand.  They  are  located  on  the  Gila 
river,  and  form  the  most  efficient  barrier  for  the  people  of  Sonora  against  the  incursions  of  the 
savages  who  inhabit  the  mountains  to  the  north  of  the  Gila,  and  who  sometimes  extend  their 
incursions  as  far  south  as  Hermosilla,  in  the  State  of  Sonora. 

I  became  acquainted  with  these  people  in  1846,  and  in  another  work  eulogized  their  advanced 
state  of  civilization,  their  proficiency  in  agriculture  and  the  art  of  war,  and  their  morality. 
"While  at  Los  Nogales,  our  last  astronomical  station  near  the  111th  meridian  of  longitude,  a 
delegation,  consisting  of  the  chiefs  and  head-men,  visited  my  camp,  nearly  two  hundred  miles 
distant  from  their  homes,  to  consult  as  to  the  effect  upon  them  and  their  interests  of  the  treaty 
with  Mexico^by  which  they  were  transferred  to  the  jurisdiction  of  the  United  States.  I  give 
below  a  copy  of  the  statement  made  at  the  meeting,  where  it  will  be  seen  I  said  all  in  my  power 


Digitized  by  Google 


96  SKBTCH  OF  TERRITORY  ACQUIRED   BY  TREATY. 

to  silence  their  apprehensions.  They  have  undoubtedly  a  just  elaim  to  their  lands,  and  if  dis- 
possessed will  make  a  war  on  the  frontier  of  a  very  serious  character. 

I  hope  the  subject  will  soon  attract  the  attention  of  Congress,  as  it  has  done  that  of  the  Ex- 
ecutive, and  that  some  legislation  will  be  effected  securing  these  people  in  their  rights.  They 
have  always  been  kind  and  hospitable  to  emigrants  passing  from  the  old  United  States  to  Cali- 
fornia, supplying  them  freely,  and  at  moderate  prices,  with  wheat,  corn,  melons,  and  cotton 
blankets  of  their  own  manufacture. 

Camp  at  Los  Nooalks,  June  29,  1855. 

Capt.  Antonio  Azul,  head  chief  of  the  Pimos  ;  Capt.  Francisco  Luke,  Coco  Maricopa  chief; 
Capt.  Malai,  Coco  Maricopa  chief ;  Capt.  Shalan,  a  chief  of  Gila  Pimos  ;  Capt.  Ojo  de  Burro, 
war-chief  of  Pimos  ;  Capt.  Tabaqucro,  a  chief  of  Gila  Pimos  ;  Capt.  La  Boca  dc  Qucja,  a  chief 
of  Gila  Pimos ;  Capt.  Jos6  Victoriano  Lucas,  head  chief  of  .San  Xavier  Pimos ;  Capt.  Jose 
Antonio,  chief  of  San  Xavier  Pimos,  have  this  day  visited  my  camp  for  the  purpose  of  ascer- 
taining in  what  manner  the  cession  of  the  territory,  under  the  treaty  with  Mexico,  will  affect 
their  right*  and  interests.  I  have  informed  them  that,  by  the  terms  of  the  treaty,  all  the  rights 
that  they  possessed  under  Mexico  are  guarantied  to  them  by  the  United  States  ;  a  title  to 
lands  that  was  good  under  the  Mexican  government  is  good  under  the  United  States  govern- 
ment. I  informed  them  that,  in  the  course  of  five  or  ten  months,  perhaps  sooner,  the  authori- 
ties of  the  United  States  would  come  into  the  ceded  territory  and  relievo  the  Mexicau  authorities  ; 
until  that  time,  they  must  obey  the  Mexican  authorities,  and  co-operate  with  them,  as  they 
have  done  heretofore,  in  defending  the  territory  against  the  savage  Apaches. 

I  have  examined  the  testimonials  given  by  numerous  American  emigrants  to  Azul  and  his 
captains,  bearing  testimony  to  the  kindness  and  hospitality  of  himself,  and  the  Pimo  and  Coco 
Maricopa  Indians  generally.  I  can  myself  bear  testimony  to  the  truth  of  these  statements.  I 
therefore  call  upon  all  good  American  citizens  to  respect  the  authority  of  Azul  and  his  chiefs. 

W.  U.  EMORY, 
V.  S.  Commissioner,  Major  U.  S.  A. 

Antonio  Azul,         alias  Chb-t-a-ca-moose. 
Francisco  Luke,         u  Skk-cool-mat-hais. 
Malai. 

Shalan,  44  Ki-mah. 

Ojo  dk  Burro,  "  Wah-la-whoop-ka. 

TaIIAQCKRO,  "  VlR-AU-KA-TA. 

La  Boca  de  Qufja,      "  Ki-ho-chin-Ko. 
Jose  Yictoriano  Lucas. 
Jose  Antonio. 

I  furnished  the  head-chief  a  copy  of  this  paper  and  gave  him  for  distribution  among  his 
subalterns,  some  silver  dollars,  and  all  the  blankets  and  cloths  which  could  be  spared  from  our 
camp. 

I  conclude  this  chapter  by  giving  a  series  of  views  along  the  line,  sketched  by  Mr.  John  E. 
Wcyss.  These  views  commence  at  the  point  where  the  boundary  line  leaves  the  Rio  Bravo,  and 
terminate  at  the  11 1th  meridian  of  longitude.  They  were  taken  to  perpetuate  the  evidences  of 
the  locatiou  of  the  boundary,  in  the  event  of  the  Indians  removing  the  monuments  erected  on 
the  ground.    They  give  also  a  very  good  idea  of  the  topography  of  the  country. 
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NOTES  TO  ACCOMPANY  8KBTCIIBS,  (VIEWS  ALONG  THE  BOUNDARY  LINE  ON  PARALLEL  31°  47'  AND  31°  20' 
NORTn  LATITUDE),  BY  JOHN  K.  WEY&?,  FROM  STARTINU  POINT  ON  THE  RIO  BRAVO  TO  lllTH  MERIDIAN 
OF  LONGITUDE. 

Sketch  No.  1  presents  a  view  of  the  initial  point  on  the  Rio  Grande,  the  observer  looking  west 
along  the  line,  parallel  31°  47'  N.  The  flag  indicates  the  point  where  the  line  crosses  the 
mountain  known  as  the  "Muleras."  Directly  west  of  this  mountain,  the  line  crosses  a  very  sandy 
valley,  supposed  to  be  a  former  bed  of  the  Rio  Grande,  and  strikes  the  table  land  (some  200  feet 
above  the  river)  about  three  miles  from  the  initial  point.  Here  sketches  Nos.  2  and  3  were 
taken,  looking  respectively  east  and  west. 

Sketch  No.  2  is  a  back  view,  looking  towards  the  initial  point,  again  showing  where  the  line 
crosses  the  Muleras  mountain,  and  also,  in  the  back-ground,  the  mountains  near  Franklin,  east 
of  the  river. 

Sketch  No.  3  is  a  view  taken  at  the  same  point  as  No.  2  ;  that  is,  where  the  line  first  strikes 
the  table-land,  but  in  the  direction  of  the  line  westward.  The  line  here  leads  over  an  apparently 
endless  level  table-land,  which  is  very  sandy  and  generally  without  grass,  but  thickly  covered 
with  clumps  of  bushes  and  small  sand-hills  four  or  five  feet  high.  On  the  horizon,  exactly  in  the 
line,  is  visible  the  top  of  an  isolated  mountain,  serving  beautifully  as  a  natural  monument.  The 
mountains  seen  on  the  right  hand  are  the  "Sierra  del  Potrillo." 

Sketch  No.  4  is  taken  from  the  top  of  the  isolated  mountain  that  the  line  strikes,  as  represented  in 
sketch  No.  3.  By  this  view,  the  observer  looks  east  along  the  line  towards  the  initial  point.  Tho 
volcanic  mountain  range  on  the  left  of  the  flag  is  called  "Sierra  Seca."  The  two  mountains 
behind  this  Sierra  are  the  topmost  peaks  of  the  Sierra  del  Potrillo,  represented  in  sketch  No.  3. 
The  Sierra,  quite  on  the  back-ground,  shows  the  mountains  near  Franklin,  and  those  on  the 
right  of  the  flag  arc  the  mountains  near  El  Paso. 

Sketch  No.  5  is  a  near  view  of  the  Monument  mountain  before  mentioned,  on  which  is  shown, 
by  the  flag,  tho  exact  point  struck  by  the  boundary  lino.  This  view  was  taken  from  a  point  west 
of  this  mountain,  and  about  a  mile  from  it. 

Sketch  No.  6  is  a  view  also  taken  near,  and  from  the  west  side  of  Monument  mountain,  but 
looking  westward  along  the  line.  At  this  mountain  the  table-land  ceases,  and  the  line  passes 
over  a  series  of  hills  for  about  2.5  miles,  tho  highest  of  which  is  not  more  than  300  feet,  with 
so  gentle  an  ascent  as  to  be  easily  crossed  with  loaded  wagons.  Passing  these  hills,  tho  line  leads 
into  a  broad  valley,  bounded  on  the  west  by  the  Sierra  del  Carrizalillo.  About  a  mile  from  the 
foot  of  these  hills  the  sand  begins  to  disappear,  and  fertile  soil  takes  its  place.  The  pasturage  of 
this  valley  was  everywhere  luxuriant ;  and  in  its  lowest  part,  nearly  midway  between  Monnment 
mountain  and  the  Sierra  del  Carrizalillo,  about  one  mile  south  of  tho  boundary  line,  are  the  "  ojos 
adjuntos,"  the  first  permanent  water  near  the  line  west  of  the  Rio  Grande,  and  about  sixty-four 
miles  from  the  initial  point.  The  "ojos  adjuntos"  are  a  series  oflagoons  formed  by  many  springs, 
of  which  fifteen  were  counted,  all  affording  clear  water.  They  are  connected,  and  all  together 
present  a  sheet  of  water  from  one  and  a  half  to  two  miles  long,  by  from  one-third  to  one-half 
mile  broad,  and  four  to  five  feet  deep  ;  their  direction  is  nurth  and  south.  The  most  northern 
springs,  as  also  the  lagoons  which  they  form ,  are  some  four  or  five  feet  higher  than  the  surrounding 
prairie.  It  is  possible  that  these  springs  are  but  the  re-appearance  of  the  Rio  Minibres.  Fine 
grama  grass  surround  these  lagoons  and  springs,  but  no  bushes.  From  the  "  ojos  adjuntos"  to 
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the  foot  of  the  Carrizalillo  hills,  there  is  a  gentle  ascent  of  the  prairie.  In  the  prolongation  of 
the  line  towards  this  last  named  Sierra,  it  passes  six  miles  Bouth  of  the  "Sierra  del  Tahaco,"  and 
north  of,  but  very  near,  two-small  isolated  hills,  where  the  magnetic  needle  underwent  a  varia- 
tion of  2°  30' ;  the  needle  was  affected  by  this  magnetic  influence  at  the  distance  of  three  miles, 
on  each  side  of  these  hills.  The  mountains  on  the  left  of  the  flag  in  this  view,  arc  the  Sierra 
de  la  Boca  Grande  ;  those  directly  on  the  back-ground,  the  Sierra  del  Carrizalillo,  where  the  line 
crosses  ;  and  those  on  the  right  hand  belong  to  the  Sierra  del  Tabaco. 

Sketch  No.  7  gives  a  view  of  the  Carrizalillo  hills  where  they  are  crossed  by  the  line.  It  leads 
up  a  steep  valley  across  these  hills,  through  an  open  valley,  into  another  scries  of  hills,  where 
the  parallel  31°  47'  terminates.  This  termination  is  marked  by  a  monument,  a  view  of  which 
is  given  in  Bketch  No.  8. 

Sketch  No.  8. — From  this  point  southward  the  meridians  connecting  the  parallels  31°  47' 
and  31°  20'  constitute  the  boundary  line.  This  sketch  gives  a  view  westward,  from  the  terminal 
point  of  line  on  parallel  31°  47',  and  not  along  the  line. 

Sketch  No.  9  represents  a  view  of  the  line,  on  the  meridian,  from  the  monument  marking  the 
terminal  point  on  parallel  31°  47'.    The  flag  marks  the  direction  across  the  hills. 

Sketch  No.  10  is  taken  from  the  point  where  the  flag  stands  in  sketch  No.  9.  This  view  is 
south  along  the  meridian.  The  high  mountains  on  the  left  are  the  Sierra  de  la  Boca  Grande.  The 
distant  hill  ranges  beyond  the  plain,  and  covered  by  the  flag  are  the  hills  on  which  is  erected 
the  monument  marking  the  beginning  of  the  boundary  on  parallel  31°  20'.  The  hills  on  the 
right  hand  belong  to  those  adjoining  "  Ojo  del  Perro."  The  boundary  line  here  runs  through 
a  large  valley  or  plain  ;  the  Sierra  de  la  Boca  Grande  lying  on  the  east,  and  the  Sierra  de  la  Hacha, 
and  that  of  Ojo  del  Perro,  on  the  west.  Nearly  in  the  middle  of  this  valley,  and  about  172  miles 
east  of  the  boundary  line,  are  situated  the  Ojos  de  los  Mosquitos,  five  in  number,  which,  though 
furnishing  an  abundant  supply  of  clear  water,  Boon  nink  below  the  surface.  The  pasturage 
of  this  valley  is  good  in  some  places ;  but  the  soil  is  generally  sandy,  and  many  spots  are 
destitute  of  vegetation.  As  the  mountains  arc  approached,  the  soil  becomes  gravelly  and 
bushes  abound. 

Sketch  No.  11  presents  a  view  of  the  hills  on  which  is  located  the  monument  marking  the 
initial  point  of  the  line  on  parallel  31°  20'.  The  view  looks  south  along  the  meridian,  and 
the  flag  marks  the  spot  where  the  monument  is  erected. 

Sketch  No.  12  is  a  back  view  from  the  monument,  looking  north  along  the  meridian.  The 
rocky  bluffs  on  the  left  are  a  part  of  the  mountains  near  Ojo  del  Perro.  Further  on,  and  in 
the  middle  ground,  are  seen  the  Sierra  de  la  Hacha,  and  entirely  in  the  back-ground  appear  the 
hill  ranges  on  which  terminates  the  line  on  parallel  31°  47'. 

Sketch  No.  13  is  taken  from  the  same  point  as  No.  12,  but  looks  west  along  the  parallel  31° 
20'.  All  the  hills  here  represented  belong  to  the  Sierra  del  Ojo  del  Perro.  The  spring  giving 
name  to  the  sierra  is  situated  at  the  foot  of  the  second  mountain  on  the  right  of  the  flag,  and 
is  about  seven  miles  west  of  the  inouument,  and  north  of  the  flag  one  and  a  half. 

Skdch  No.  14  is  a  view  taken  from  the  place  marked  by  the  flag  in  sketch  No.  13,  looking 
eastward.  The  range  behind  the  flag  embraces  the  hill  on  which  is  located  the  monument,  as 
shown  in  sketch  No.  13.  The  mountain  range  in  the  back-ground  on  the  left  is  Sierra  de  la 
Boca  Grande.  From  this  flag  westward  the  boundary  line  runs  for  a  few  miles  over  a  series  of 
round  hills,  and,  after  crossing  a  wide  valley,  strikes  the  high  Sierra  de  San  Luis.  The  soil  of 
this  valley  is  light  and  sandy,  except  in  the  middle  it  is  covered  with  grass  and  other  vegetation. 
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It  contains  a  large  prairie-dog  town,  and,  constituting  the  receptacle  of  an  extensive  drainage, 
would  be  passed  with  much  difficulty  during  the  rainy  season.  A  series  of  springs  wero  dis- 
covered near  the  middle  of  the  valley,  and  about  one  mile  south  of  the  line.  They  form 
a  little  creek,  but  are  lost  in  the  sand  in  a  run  of  less  than  two  miles. 

Sketch  No.  15. — A  near  view  of  the  San  Luis  mountains  where  they  are  crossed  by  the 
line ;  sketched  from  the  intersection  of  the  line  and  the  road  leading  from  Janos  to  Santo 
Cruz. 

Sketch  No.  16. — This  view  is  sketched  from  the  monument  near  San  Lnis  springs,  looking 
eastward.    The  flag  shows  where  the  line  crosses  the  mountain. 

Sketch  No.  17  is  taken  from  the  same  point  an  No.  16,  but  in  the  opposite  direction.  The 
top  of  the  mountain  on  the  back-ground,  directly  over  the  monument,  is  the  first  over  which 
the  line  runs  near  the  Guadalupe  Pass. 

Sketch  No.  18  is  a  near  view  of  the  mountain  whose  top  rests  on  the  horizon  in  sketch  No. 
17.    The  flag  indicates  where  it  is  struck  by  the  line. 

Sketch  No.  19  looks  west  along  the  line,  and  is  taken  from  the  point  marked  by  the  flag  in 
No.  18. 

Sketch  No.  20  is  drawn  from  the  point  indicated  by  flag  in  No.  19.  It  looks  westward,  and 
the  single  peak  in  the  back-ground  belongs  to  the  mountain  ridge  west  of  San  Bernardino  ; 
and  the  sierras  still  further  off  are  the  San  Jose  and  Espinola,  on  the  left  and  right, 
respectively. 

Sketch  No.  21  is  a  view  looking  eastward  from  the  point  where  the  line  crosses  the  road 
through  the  Guadalupe  Pass. 

Sketch  No.  22  is  a  view  from  the  monument  near  the  springs  of  San  Bernardino,  looking  west 
along  the  boundary,  and  giving  a  nearer  view  of  the  peak  seen  from  the  Guadalupe  canon, 
and  represented  in  sketch  No.  20. 

Sketch  No.  23. — A  back  view  taken  from  the  same  point  as  No.  22,  but  looking  eastward 
towards  the  Guadalupe  canon. 

Sketch  No.  24. — In  this  the  observer  again  looks  west,  and  is  shown  where  the  lino  crosses 
the  first  mountain- ridge  west  of  San  Bernardino.  The  mountain  on  the  left  of  the  flag  is 
the  peak  referred  to  in  sketches  Nos.  20  and  22. 

Sketch  No.  25.— This  view  is  sketched  from  the  point  indicated  by  the  flag  in  Sketch  No. 
24.  The  high  mountain  on  the  left  fore-ground  represents  the  before-mentioned  peak.  The 
high  sierra  in  the  back-ground  on  the  flag  is  the  San  Jose ;  that  on  the  right  the  Sierra  de 
Espinola.  Rain-water  was  found  at  the  foot  of  the  hill  where  the  flag  stands,  and  was  the 
only  water  near  the  line  between  San  Bernardino  and  Rio  San  Pedro,  a  distance  of  fifty-five 
miles.    The  Rio  San  Pedro  flows  along  the  eastern  base  of  the  Sierra  de  Espinola. 

Sketch  No.  26  is  a  view  taken  at  the  foot  of  the  hill  on  which  the  flag  stands  in  sketch  No. 
25  ;  it  looks  west  along  the  parallel.  From  this  hill,  as  far  as  tho  banks  of  the  Rio  San  Pedro, 
the  line  runs  over  a  rolling  prairie  of  a  light,  sandy  soil,  sometimes  covered  with  bushes,  some- 
times bare,  and  fine  patches  of  pasturage  occurring  here  and  there. 

Sketch  No.  27. — View  looking  west  along  the  line  from  from  flag-staff  in  sketch  No.  26. 

Sketch  No.  28. — Sketched  from  flag  in  view  No.  27,  also  looking  westward.  The  mountains 
on  tho  left  edge  of  which  tho  flag  rests,  and  marks  the  line,  are  the  Sierra  de  Espinola. 

Sketch  No.  29. — This  view  looks  westward,  and  is  taken  on  the  east  bank  of  the  Rio  San 
Pedro,  where  it  is  crossed  by  the  line.    At  this  point,  approaching  from  the  east,  the  traveller 
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comes  within  a  mile  of  the  river  before  any  indications  of  a  stream  are  apparent.  Its  bed  is 
marked  by  trees  and  bushes,  but  it  is  some  sixty  or  one  hundred  feet  below  the  prairie,  and  the 
descent  is  made  by  a  succession  of  terraces.  Though  affording  no  very  great  quantity  of  water, 
this  river  is  hacked  up  into  a  series  of  large  pools  by  beaver-dams,  and  is  full  of  fishes.  West 
of  the  river  there  are  no  steep  banks  or  terraces,  the  prairie  presenting  a  gentle  ascent.  Here 
again  the  flag  represents  where  the  line  touches  the  Sierra  de  Kspinola.  The  mountains  in  the 
back-ground  on  the  left  of  the  flag  are  directly  east  of  Santa  Cruz. 

Ske/rh  No.  30  is  taken  from  the  monument  situated  north  of  Santa  Cruz,  and  is  a  back  view, 
showing  the  flag  on  Sierra  dc  Kspinola. 

Sketch  No.  31. — A  view  from  the  same  monument,  but  looking  westward.  The  mountains 
in  the  right-hand  corner  of  the  back-ground  are  the  Santa  Rita. 

Sketch  No.  32. — This  is  a  view  near  Los  Nogales,  and  shows  where  the  Hue  crosses  the 
road  leading  from  Tucson  to  Imuris.  It  looks  south  from  the  monument.  The  mountains  in 
the  back-ground  are  called  the  Sierra  del  Pajarito. 


4 


Google 


Digitized  by  Google 


I 


Digitized  by  Google 


Google 


I 


Digitized  by  Google 


If 


Digitized  by  Google 


r 


9 


i  


Digitized  by  Google 


Digitized  by  Google 


Digitized  by  Goog|e 
i 


V7EW  FROM  THK  MONUMENT   NEAR  uOi 


CHAPTER  VII. 


FROM  THE  111th  MERIDIAN  OF  LONGITUDE  TO  THE  PACIFIC  OCEAN, 


REPORT  OF  LIEUT.  MICIILER. 


port  ttoa.—  coloeado  asd  gila— aroccu*  on  abboyo*-  —  oitb  or  as  oi.n  mubimo.— bolxdaby  usb.-  »axd  belt.—  orarat  — 

PAXOBAMA  OF  XOCXTA1.1  BAXOEB. — WBAOE. — BOTTOM  LAKH  AXD  YEGETATtOX, — EARTUQt  AKBS  AMD  MCD  TOLCA1TOB.  — CLIMATE.  — 

dcet  snnutl. — nntAxa. — ikitial  poist  ox  the  Colorado. — tixaj  as  altas. — tdui. — ealabo. — ago  a  di"lce. — qtitohaojcita. 

— CABBEA  FBIETA. — SONOTTA. — KOAD  ALOXQ  TIIB  OILA. — XAB100PA8.  —  riMOB. — TCCBOX. — SAX  JAT1EB. — TCBAC. — TOMOCAOOBf.— - 
BOPOBJ.—  ABIBACA—  MEBBAA  ALONG  TUB  All  KITH  UXE.— PA  PAGO*. — "T1RBBA  CALIENTE"  Or  SOKOBA. — BAXTA  BJOXICA.  — BABY  A 

Office  United  States  and  Mexican  Bocndaev  Scrvey, 

Washington,  July  29,  1856. 

Sib  :  The  following  extract  is  taken  from  your  orders  to  me,  dat«d  Washington,  D.  C,  August 
29,  1854  :  "  You  are  charged  with  the  important  service  of  running  that  part  of  th©  boundary 
line  between  the  United  States  and  Mexico  which  commences  on  the  Colorado  river,  twenty 
English  miles  below  or  south  of  the  junction  of  that  river  and  the  Gila,  until  you  meet  the 
party  running  the  line  under  my  immediate  direction,  from  El  Paso  westward." 

llaving  complied  with  your  instructions,  I  now  have  the  honor  to  submit  to  you  a  report  of 
the  manner  in  which  the  work  has  been  executed,  and  describe  that  portion  of  the  country  to 
which  our  duty  particularly  confined  us,  and  the  Indian  tribes  frequenting  the  immediate  neigh- 
borhood of  the  line. 

Sailing  from  New  York  on  September  20,  1854,  inysclf'and  assistants  proceeded,  via  Aspin- 
wall,  Panama  and  San  Francisco,  to  San  Diego.  All  necessary  instruments  having  been  pro- 
vided before  leaving  the  eastern  cities,  preparations  for  the  transportation,  subsistence,  and 
organization  of  a  party  occupied  my  attention  in  the  last  named  places.  These  completed,  we 
left  San  Diego  on  the  16th  of  November,  for  Fort  Yuma,  which  place  was  reached,  after  journey- 
ing over'monntains  and  deserts,  on  the  9th  of  December.  This  road,  the  most  difficult  I  have 
ever  travelled  for  heavily-loaded  wagons,  has  been  already  spoken  of  in  your  military  reconnois- 
sances  in  New  Mexico  and  California,  and  a  further  description  would  be  unnecessary.  Its  dis- 
tance, measured  with  a  viameter,  is  217  miles. 

On  the  right  bank  of  tho  Colorado,  and  in  a  bend  opposite  the  mouth  of  the  Gila,  rises  up  a 
low  irregular  hill,  from  seventy  to  eighty  feet  in  height ;  on  the  water-side  there  is  a  perpendi- 
cular cliff;  the  other  sides  aro  less  steep,  but  equally  rugged.  This  hill  is  of  Plutonic  origin, 
and  presents  a  bleak,  dreary  appearance.  The  surface  is  covered  with  sharp,  volcanic  rocks, 
cutting  like  glass  under  the  tread,  and  is  destitute  of  every  form  of  vegetation,  except  the 
euphorbia,  a  rank  poison,  and  used  by  the  Indians  as  an  antidote  against  the  bite  of  the  rattle- 
snake.   Such  is  the  site  of  the  military  post  of  Fort  Yuma.    This  hill,  cleft  by  the  Colorado  at 
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its  junction  with  the  Gila,  and  extending  a  short  distance,  unites  with  a  larger  mass  of  the  same 
formation.  A  mile  further  south  is  another  isolated  hill,  about  250  feet  high,  called  Sierra 
Prieta,  with  its  base  imbedded  in  the  white  sands  of  the  desert.  These  hills  were  once  one  and 
the  same ;  one  river  runnning  around  its  north,  and  the  other  its  south  base,  (their  old  beds 
being  still  traceable,)  and  both  uniting  on  the  west.  By  some  freak  in  the  laws  of  nature,  an 
eruption  in  the  bowels  of  the  earth  caused  an  upheaving  of  this  whole  section  of  country,  and 
changed  the  beds  of  these  rivers :  the  one  now  runs  due  south,  and  the  other  due  north,  before 
uniting.  Their  currents  act  on  the  same  line  and  are  diametrically  opposed,  and  as  the  waters 
meet,  neither  willing  to  yield,  they  open  a  passage  through  the  highest  part  of  the  hill,  turning 
at  right  angles  to  their  original  courses  and  flowing  towards  the  west.  The  cleft  thus  made  is 
about  240  feet  in  width.  The  Colorado  furnishes  more  than  two-thirds  of  the  water.  At  an 
average  stage  at  the  junction,  the  quantity  discharged  per  second  was  found,  from  a  mean  of 
several  experiments,  to  be  6,249  cubic  feet,  and  the  velocity  three  feet  per  second.  At  the 
same  point  the  depth  of  the  channel  is  about  eighteen  feet.  It  then  widens,  and  becomes  more 
shallow.  By  daily  observations  with  the  barometer,  the  level  of  the  rivers  at  their  confluence 
was  found  to  be  275  feet  above  that  of  the  sea  at  San  Diego.  The  Colorado,  as  its  name  signifies, 
is  of  a  reddish  color,  and  carries  down  immense  quantities  of  sand  and  mud.  The  water  is  sweet, 
and  excellent  for  drinking,  but  docs  not  bear  keeping  long,  as  it  soon  putrifics.  The  Gila  is 
clearer,  and  its  temperature  warmer,  but  somewhat  brackish  in  its  taste,  owing  to  the  large 
quantity  of  earthy  salts  held  in  solution. 

For  twenty  miles  above  the  post  the  Colorado  spreads  out  into  a  wide  and  low  sheet  of 
water  ;  but  above  that  point,  to  the  entrance  of  the  Great  Cafion,  it  becomes  more  narrow  and 
deep.  An  expedition  under  Major  Heintzelman  ascended  this  river  in  boats  in  September,  1852. 
Another  is  contemplated,  when  it  is  the  purpose  to  carry  a  steamboat  up  as  far  as  possible,  pro- 
vided the  government  will  render  some  assistance  by  an  appropriation  sufficiently  largo  to 
insure  the  safety  of  the  boat.  The  belief  is  entertained  and  strongly  advocated,  that  the  Colorado 
will  be  the  means  of  supplying  the  Mormon  territory,  instead  of  the  great  extent  of  land 
transportation  now  used  for  that  purpose.  Its  head-waters  approach  the  large  settlements  in 
Utah,  and  may  one  day  become  the  means  of  bearing  away  the  produce  and  stock  of  these 
pioneers  of  the  far  West.  With  this  idea  prominent  in  the  minds  of  speculators,  a  city  on 
paper,  bearing  the  name  of '•' Colorado  City,"  has  already  been  surveyed,  the  streets  and  blocks 
marked  out,  and  many  of  them  sold.    It  is  situated  on  the  left  bank,  opposite  Fort  Yuma. 

From  the  description  given  me  of  the  Great  Cafion,  it  must  resemble  in  appearance  and 
character  those  along  the  Rio  Bravo  del  Norte,  upon  which  I  have  already  reported. 

The  Colorado  is  said  to  have  but  few  tributaries  ;  the  Gila  has  several,  emptying  in  above 
and  below  the  Pimos  villages.  The  annual  rise  in  both  rivers  usually  takes  place  in  the 
months  of  May  and  June,  sometimes  as  late  as  July,  and  is  caused  by  the  melting  of  the 
snows  in  the  mountains  near  their  head-waters  ;  the  freshets  are  not  of  long  duration.  Frequently 
the  one  stream  will  be  up  and  the  other  down.  The  Gila  becomes  so  low  that  a  sand-bar  forms 
at  its  mouth  during  the  summer,  and  at  no  time  does  it  supply  much  water.  The  Colorado,  on 
the  contrary,  is  navigable  for  small  steamers,  drawing  two  and  two  and  a  half  feet  water,  as  high 
up  as  Fort  Yuma.  Sailing-vessels  take  stores  from  the  Pacific  through  the  Gulf  of  California, 
and  up  the  river,  sixty  miles  above  its  mouth,  to  Point  Invincible,  or  near  Hardy's  Colorado, 
and  there  discharge  their  cargoes  upon  the  river  steamers ;  the  latter  then  transport  them 
ninety  miles  to  the  junction— the  present  contract  price  per  ton  being  seventy-five  dollars,  and 
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the  boat  carrying  from  fifty  to  sixty  tons.  This  is  a  great  saving,  as  the  cost  of  transportation 
of  stores  by  trains  across  the  desert  is  enormous.  The  navigation  is  pretty  good,  but,  like  all 
Btreams  of  the  same  nature,  the  channel  frequently  changes,  owing  to  the  shifting  sands  and  the 
instability  of  its  banks.  The  nature  of  the  latter  varies  ;  thirty  miles  above  the  junction,  the 
river  is  walled  in  by  mountains  throughout  nearly  its  whole  extent ;  and  fifteen  miles  lower  down, 
it  passes  for  a  short  distance  through  the  Santa  Isabel  range.  From  there  to  the  salt  marshes  near 
the  mouth,  except  at  the  junction  with  the  Gila,  the  banks  are  alluvial,  caving  in  and  shifting 
with  every  rise  and  fall ;  they  become  very  low  and  flat,  and  arc  overflowed  for  miles  during 
spring  tides  ;  a  heavy  bore  then  rushes  in,  swell  upon  swell,  and  renders  it  very  dangerous  for 
small  boats.  The  tides  ascend  for  thirty-seven  miles.  The  lowest  depth  of  the  channel  is  three 
feet,  its  mean  or  average  stage  of  water  six,  and  its  highest  about  twenty  feet.  During  very 
high  freshets  the  water  flows  back  for  many  miles  through  the  arroyos  or  sloughs  which  intersect 
the  country  :  large  lagunas  or  lakes  are  thus  formed,  Buch  as  the  "  Big  Laguna,"  and  "New 
River"  or  "Providence  creek,"  found  on  the  road  from  San  Diego,  and  also  Hardy's  false 
Colorado ;  these  remain  filled  for  a  long  time — some  nearly  the  entire  year.  Whenever  they 
occur  a  broad  slough,  north  and  west  of  the  post,  is  filled,  and  completely  isolates  it  from  the 
main  land,  communication  being  had  only  by  means  of  boats. 

There  are  only  three  kinds  of  fish,  that  are  at  all  palatable,  caught  in  the  Colorado— the 
hump-back,  trout,  and  buffalo — all  very  soft  and  of  a  muddy  flavor,  full  of  small  bones  and  of 
most  inferior  quality. 

Fort  Yuma  is  well  located  for  defenco  against  the  Indians  ;  the  only  point  (Sierra  Prieta) 
commanding  it  is  beyond  the  reach  of  arrows.  It  affords  a  distant  and  fine  view  of  the  sur- 
rounding country.  In  the  very  interesting  report  of  Major  Heintzelmao,  made  to  the  com- 
manding general  of  the  Pacific  department,  in  July,  1853,  he  says:  "  The  post  is  on  the  site  of  a 
Presidio  established  about  seventy-seven  years  ago  by  the  Spaniards.  Padre  Pedro  Garces  camo 
out  here  with  a  San  Gabriel  Indian,  and  reported  this  a  favorable  position  for  a  mission.  The 
next  year  he  and  Padre  Kino  came  out  with  troops  and  established  a  mission  at  the  junction, 
and  Jose  Maria  Ortegas,  son  of  Don  Francisco  Ortegas,  captain  and  commandante  of  the  expe- 
dition of  the  discoverers  of  Alta  California,  founded  the  Presidio.  The  position  is  described 
between  the  sierras  of  San  Pedro  and  San  Pablo.  A  little  east  of  north  from  here,  forty-five  miles, 
on  the  top  of  a  ridge  of  barren  mountains,  is  a  detached  rock,  several  hundred  feet  high,  resem- 
bling a  dome,  which  may  have  given  it  the  name  of  St.  Peter ;  and  in  a  direction  west  of  north, 
about  eighteen  miles  distant,  on  another  range  of  mountains,  rises  a  solitary  rock,  five  hundred 
feet  high,  which  we  have  called  Chimney  Peak,  and  which  must  have  borne  the  other  name." 

Our  camp  lay  opposite  the  military  post,  on  the  loft  bank  of  the  Colorado,  between  the 
Plutonic  ridge  on  the  east,  and  a  low  range  of  sand  and  gravel  hills,  called  the  Tuma  hills,  on 
the  west ;  these  latter  end  abruptly  at  the  water's  edge,  no  trace  of  them  being  seen  on  the 
opposite  side,  and  extend  south  to  the  base  of  the  Sierra  Prieta.  They  were  interesting  from 
the  beautiful  specimens  of  quartz  found  upon  them,  among  which  were  fortification  and  moss 
agates,  chalcedony,  jasper,  and  opals,  and  various  fine  pieces  of  petrifactions  of  mezquite,  cotton- 
wood,  and  indigenous  plants,  and  one  oi  palm-wood.  Seven  miles  and  a  half  by  the  river,  below 
the  post,  is  another  high,  prominent,  and  isolated  hill,  called  Pilot  Knob,  similar  in  general 
appearance  and  formation  to  those  spoken  of.  The  boundary  line  from  the  initial  point  on  the 
Pacific  ocean  runs  tangent  to  the  southern  base  of  this  butte,  until  it  intersects  the  middle  of 
the  Colorado,  a  short  distance  below  the  south  ferry.     An  iron  monument  formerly  marked  the 
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line  near  this  place,  on  a  high  knoll,  but  has  been  broken  into  n  thousand  pieces  by  the  Indians  ; 
its  locality,  however,  is  well  defined.  From  this  point  of  intersection  the  boundary  follows 
down  the  middle  of  the  stream  to  a  point  20  English  miles,  in  a  straight  line,  below  the  junction 
of  the  Qila  and  Colorado. 

Near  Pilot  Knob,  a  large  belt  of  white,  glistening  sand  encroaches  upon  the  river  to  within  a 
short  distance  of  its  right  bank  ;  it  is  fifteen  miles  long  by  five  wide,  and  about  forty  feet  high  ; 
from  its  gradual  approachment,  it  threatens  to  dislodge  the  river  and  efface  its  present  bed.  Twelve 
miles  above  the  junction,  a  spur  of  the  "  Sierra  de  la  Gila,"  a  mass  of  sharp,  angular,  igneous 
rock 8,  thrown  together  in  the  most  incongruous  shapes,  sets  into  the  Rio  Gila  ;  its  bearing  is 
northwest  and  southeast,  and  it  extends  as  far  as  the  eye  can  see.  From  the  base  of  this  mount- 
ain, along  its  whole  length,  extends  out  towards  the  Gila  and  Colorado  a  level  plain  of  gravel 
and  sand,  in  breadth  from  twenty  to  fifty  miles,  and  stretching  far  south  until  it  mingles  witli  the 
hillocks  of  white  sand  which  define  the  eastern  shore,  along  the  Gulf  of  California.  It  limits 
the  bottom-lands,  sometimes  touching  the  river,  as  at  Ogden's  landing,  and  again  recedes, 
leaving  a  fertile  tract  of  several  miles  in  width.  The  latter  is  from  two  to  ten  feet  above 
the  surface  of  the  water,  and  the  former  rises  in  bluff  banks  from  twenty  to  forty  feet  in  height. 
The  plain  is  a  perfect  desert,  marked  by  an  entire  absence  of  water,  and  destitute  of  vegetation, 
save  some  few  sickly  plants :  the  Larrea  Mexicana  and  the  Fouquiera,  the  natural  growth  of 
such  barren  localities,  only  add  to  the  gloomy  sensation  produced  by  the  scorched  sterility 
spread  out  to  view,  with  jagged  ridges  of  hills  lying  in  the  back-ground.  The  bottom- 
land on  the  right  bank  of  the  Colorado  is  bounded  by  a  similar  plain,  which  extends  south  to 
the  base  of  the  mountains  of  Lower  California.  This  whole  country  is  truly  a  desolate  region  ; 
rich,  however,  in  geological  and  mineralogical  material. 

Standing  on  the  top  of  the  Sierra  Pricta,  you  have  a  magnificent  panorama  of  the  high  peaks, 
rugged  sides,  and  angular  outlines  of  the  mountain  ranges  which  encircle  you.  From  this 
point,  looking  westward  and  following  the  points  of  the  compass  round  towards  the  north,  your 
eye  first  rests  upon  Avie  Qnah-la-Altwa,  (Avie  signifying  mountain,  in  the  Indian  tongue,)  or 
Pilot  Knob,  as  known  to  emigrants  ;  a  little  further  on,  Avie  A-re-iia  Hampan,  connecting  with 
the  low  ranges  of  white  sand-hills  already  spoken  of;  then  Avie  Qui-a-sa  vino  ;  to  the  northwest 
a  light  and  a  dark  range,  Avie  Qui-a-sa  and  Avie  Haz-e-nas  ;  afterwards  Avie  Sut-ma-mou-ra — 
all  isolated  ridges.  Ranging  across  the  north  is  Avie  Mil-li-ket,  its  highest  peak  called  by  the 
Americans  "Chimney  Peak,"  and  by  the  old  Jesuits  "San  Pablo."  The  Indian  name  is  in 
honor  of  a  learned  and  wise  chief,  who  bscame  a  deity  after  his  death.  He  occupies  a  large 
cavern  in  the  mountains,  the  entrance  to  which  is  guarded  by  a  raccoon,  a  pet  during  his  stay 
upon  earth  ;  the  path  which  leads  from  the  cave  to  the  river  bank  is  said  to  be  distinctly  marked 
by  his  foot-prints.  Ho  seems  to  enjoy  long  intervals  of  sleep,  and  when  aroused  from  his  slum- 
bers by  the  wickedness  of  his  worshippers,  he  is  believed  to  change  his  position,  and  the  act  of 
rolling  over  causes  the  rumbling  earthquakes  which  are  frequently  felt  throughout  this  section 
of  country.  During  the  last  shock  experienced  there,  it  is  reported  that  a  large  piece  of  the  peak 
of  Mil-li-ket,  solid  rock  as  it  is,  was  broken  off,  and  rolled  into  the  plain  beneath.  The  Indians, 
considering  it  a  pari  of  their  religious  duty,  make  regular  visits  to  the  spot,  like  Mahomedans  to  the 
shrine  of  Mahomet.  To  the  east  of  Mil-li-ket  is  another  remarkable-looking  peak,  called  Pin-chie, 
the  allegorical  allusion  scarcely  bearing  mention  ;  the  two  are  almost  in  juxtaposition.  Avie 
Mil-li-ket  is  quite  an  extended  range,  and  is  about  twenty-four  or  fire  miles  north  of  Fort  Yuma. 
To  the  northeast,  and  about  forty-five  miles  distant,  is  Avie  Tok-a-va  or  Dome  mountain,  or 
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Sierra  de  San  Pedro,  a  solid  rock  many  feet  in  height,  and  resembling  the  dome  of  a  cathedral. 
Some  god  is  supposed  to  inhabit  this  range.  Near  it  is  a  second  peak,  called  the  "  broken  dome." 
To  the  east,  and  extending  south,  are  Cone  mountain,  of  the  Santa  Isabel  range,  and  the  Sierra 
de  la  Gila ;  Antelope  peak  is  the  principal  one  of  the  latter.  To  the  southeast,  mountain  after 
mountain  rises  up ;  to  the  south,  those  of  Lower  California  are  plainly  visible,  so  high  that 
snow  envelopes  their  tops  ;  and  when  the  southwest  winds  blow,  they  are  more  chilly  than  those 
from  the  north,  bearing  along  with  them  the  cold  air  of  the  snow-clad  peaks.  From  a  distance 
these  mountain  ranges  look  rugged  in  the  extreme,  although  here  and  there,  as  you  watch  the 
play  of  the  Bun,  you  soo  reflected  back  perpendicular  walls  of  smooth,  white  rock. 

The  atmosphere  is  so  clear  that  you  are  able  to  see  at  long  distances.  In  the  morning  a 
beautiful  sight  is  afforded  by  the  mirage.  It  has  the  effect,  apparently,  of  raising  the  mountains 
and  bringing  them  more  plainly  to  view,  and  many  are  the  fantastic  and  peculiar  shapes  that 
are  represented. 

We  turn  from  this  barren  view  and  look  with  pleasure  upon  the  bright  green  foliage  which 
marks  the  course  of  the  Colorado.  The  river-bottom,  varying  in  width,  is  generally  broad  and 
fertile — an  alluvial  doposite,  covered  with  a  thick  growth  of  timber.  Large  cotton-wood  trees, 
different  varieties  of  willow  thickly  matted  together,  and  impenetrable  thickots  of  arrow  and 
grease-wood,  grow  near  the  river ;  further  back  the  raczquite  of  two  kinds— the  flat-pod  and 
the  screw-bean — thrive  and  flourish.  The  bottom  is  intersected  by  innumerable  lagoons  and 
sloughs,  which  during  the  annual  rises  fill  to  overflowing,  and  irrigate  the  soil.  The  earth  is 
consequently  impregnated  with  the  salts  of  potash,  magnesia,  and  soda,  which  are  held  in 
solution  by  the  water.  No  vegetation  will  grow  beyond  the  influence  of  these  overflows,  and 
when  a  white  efflorescence  appears  upon  the  surface  of  the  ground  it  is  useless  to  plant,  as 
nothing  edible  for  man  or  beast  will  grow  there. 

The  delta  of  the  Colorado  and  Gila  is  below  high-water  mark,  and  is  subjected  to  overflows. 
The  soil  is  a  mixture  of  clay  and  sand.  There  are  some  few  varieties  of  grass  very  scatteringly 
distributed.  The  distance  from  Fort  Yuma  to  the  mouth  of  the  Colorado  is  about  one  hundred 
and  sixty  miles.  The  whole  of  the  country  strongly  resembles  the  Bio  Bravo  del  Norte  in  the 
general  appearance  of  its  vegetable  forms ;  varieties  of  cacti,  the  maguey  plant,  Larrea  Mcxicana, 
and  the  fouquiera,  are  all  found  here.  Althongh  both  regions  aro  probably  of  the  same  geological 
structure,  they  arc  not  equal  in  richness,  that  upon  the  Rio  Grande  being  the  most  fertile.  To 
add  to  the  interest  of  this  section  of  our  land,  wo  find  it  is  subject  to  earthquakes,  by  which  it  is 
sometimes  depressed  and  sometimes  elevated.  To  quote  from  a  very  interesting  account  given  by 
Major  Heintzelman  of  a  visit  made  to  the  scene  in  November,  1852,  he  says :  "The  low  ground  was 
full  of  cracks,  from  many  of  which  there  gushed  forth  sulphurous  water,  mud,  and  sand.  At 
the  time,  great  changes  wore  mado  in  the  river-bed.  The  earthquake  appears  to  have  been 
occasioned  by  an  accumulation  of  gases  and  steam  in  the  caverns  of  the  earth.  The  elasticity 
of  these  forced  an  escape  through  a  pond  forty-five  miles  below,  on  the  desert  between  the  river 
and  coast  mountains,  the  repeated  escapes  causing  rumbling  and  shocks.  It  is  an  old  orifice, 
that  has  been  closed  several  years,  so  that  the  first  effort  occasioned  the  most  violent  explosion. 
The  steam  rose  in  a  beautiful  snowy  jet  more  than  a  hundred  feet  in  the  air,  and  spread, 
appearing  above  the  tops  of  the  mountains  like  a  white  cloud,  and  gradually  disappeared.  This 
was  repeated  several  times,  but  on  a  much  smaller  scale." 

When  the  Major  visited  the  place  three  months  later, "  these  jets  took  place  at  irregular  intervals 
of  fifteen  or  twenty  minutes,  and  had  a  beautiful  effect  as  they  rose,  mingled  with  the  black 
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water  and  mud  of  the  j-onda.  The  temperature  in  the  principal  pond  was  118°,  and  in  a 
smaller  one  135°.  One  of  the  mud-holes  from  which  gas  escaped  was  170°.  The  air  was  filled 
with  sulphuretted  hydrogen,  and  in  the  creviceH  were  heuutiful  yellow  crystals  of  sulphur. 
The  ground  was  covered  with  a  white  efflorescence,  tinged  with  red  and  yellow." 

The  climate  of  this  region  is  in  accordance  with  everything  else  relating  to  it.  Encamped 
there  during  the  three  winter  months,  we  found  the  weather  generally  mild,  although  the 
changes  in  temperature  were  very  great ;  the  thermometer  during  part  of  this  time  as  high  as 
90°  Fahrenheit,  and  then  as  low  as  30°.  The  days  were  sometimes  uncomfortahly  warm,  and  the 
nights  intensely  cold.  Living  and  sleeping  in  tents  all  the  time,  we  seldom  had  occasion  to 
have  a  camp-fire  except  at  early  dawn.  Owing  to  the  clearness  of  the  skies,  the  radiation  is 
extremely  rapid,  and  ice  forms  quickly. 

Having  returned  the  following  August  to  Fort  Yuma,  the  thermometer  in  the  shade  at  the 
post  was  found  to  be  116°  Fahrenheit,  and  over  120°  in  the  shade  along  the  river.  The  heat, 
commencing  to  be  excessive  in  May,  becomes  almost  unendurable  in  the  months  of  June,  July, 
and  August.  Even  in  winter  the  sun  is  so  hot,  and  the  direct  as  well  as  reflected  light 
upon  the  sand-plains  so  dazzling,  that,  excepting  a  couple  of  hours  after  daybreak  and  an  hour 
before  sunset,  it  is  only  possihle  to  see  objects  through  the  best  instrumental  telescopes  in  the 
most  distorted  shapes — a  thin  white  pole  appearing  as  a  tall  column  of  the  whitest  fleece. 

In  this  belt  of  country  rain  seldom  falls ;  in  the  distance  dark  clouds  may  be  seen  hanging 
over  the  California  and  Sonoranian  mountains,  but  they  seldom  visit  the  intermediate  localities. 
During  the  whole  of  one  year  they  had  but  two  inches  of  rain.  After  our  arrival  a  few  drops  from 
some  passing  cloud  fell  in  the  two  winter  months,  December  and  January,  and  in  the  following 
February  .07  of  an  inch.  The  coast  rains  take  place  during  the  winter  ;  and  the  rainy  season 
in  Sonora,  the  Mexican  state  south  of  the  boundary  line,  in  the  months  of  July,  August,  and 
September.  Spring,  in  the  intermediate  section,  puts  forth  its  thick  green  foliage  in  February, 
without  any  rains  to  refresh  and  cool  the  parched  ground. 

Instead  of  storms  of  rain  during  the  winter  and  spring,  they,  have  those  of  dust  and  sand. 
These  are  caused  by  high  and  strong  winds  sweeping  over  the  desert  plains,  coming  princi- 
pally from  the  northwest,  raising  and  carrying  before  them,  like  mist,  clouds  of  pulverized  sand 
and  dust.  You  can  watch  them  in  their  progress  as  they  approach  for  hours  beforehand,  and 
when  they  reach  you  the  dust  penetrates  into  every  crevice,  the  finest  silk  not  being  impervious 
to  it.  They  last  generally  a  day  ;  sometimes  three.  The  winds  blow  up  quickly  and  violently, 
and  it  is  useless  to  attempt  to  work  with  nice  instruments.  These  dust-storms  were  our  great 
drawbacks,  as  it  was  impossible  to  see  many  feet  distant,  and  then  only  at  the  risk  of  being 
blinded.  The  gusts  of  wind  which  produce  this  unpleasant  effect  in  winter  are  in  summer  like 
the  simoons  of  the  Sahara— they  sweep  over  and  scorch  the  land,  burning  like  the  hot  blasts  of 
a  furnace. 

Think  of  those  officers  and  soldiers  who  are  so  unfortunate  as  to  be  stationed  at  Fort  Yuma. 
Two  companies  of  artillery  now  garrison  the  post ;  their  quarters  have  heretofore  been  Mexican 
jacals— upright  mczquito  poles,  plastered  with  mud  and  covered  with  a  thatching  of  arrow- wood ; 
like  so  much  powder,  a  single  spark  igniies  them,  and  they  burn  like  a  flash  in  the  pan.  Dust 
and  rain,  as  well  as  the  eyes  of  the  curious,  penetrate  through  the  crevices,  the  sun  only  being 
denied  admission.  When  I  left  they  were  engaged  in  building  new  quarters  of  adobes,  (sun- 
dried  brick.)  As  every  other  comfort  is  denied  them,  their  dwellings  at  least  should  be 
substantial  and  cool. 
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Among  the  curiosities  of  the  country  are  ita  aborigines.  On  the  road  from  Sau  Diego  to 
Fort  Yuma  we  passed  through  several  Indian  settlements  of  the  Diegcfio  tribe,  at  San  Pasqual, 
Santa  Isabella,  Sau  Felipe,  &c.  These  Indians  were  converted  by  the  Jesuits,  who  many  years 
ago  organized  missions  throughout  this  country  ;  they  became  partly  civilized,  and  wcro  indus- 
trious and  happy,  and  collected  many  comforts  about  them.  Naturally  lazy,  and  incapable  of 
self-government,  and  deeply  imbued  with  all  the  traits  of  the  wild  Indian,  they  easily  degen- 
erated after  the  missions  had  fallen  from  under  the  rule  of  the  church,  and  have  become  abso- 
lutely worse  than  in  their  original  condition.  Then  they  were  simply  children  of  nature, 
following  the  bent  of  their  inclinations,  with  few  comforts,  and  fewer  wants  ;  now  they  have 
learned  sufficient  to  be  exceedingly  avaricious  and  unscrupulous — a  herd  of  drones  and  beggars, 
their  dispositions  thievish,  and  forever  on  the  watch  to  commit  some  petty  larceny.  They  call 
themselves  "  Christianos."  The  degradation  of  the  Indian  woman  is  only  surpassed  by  that  of 
those  off  scourings  of  creation,  the  male  white  population  who  wander  over  the  country. 

The  women  are  beautifully  developed,  and  superbly  formed,  their  bodies  as  straight  as  an 
arrow  ;  their  features,  however,  are  coarse  and  uninviting,  their  persons  filthy,  and  their  actions 
still  more  disgusting.  They  imitate  the  whites  in  dress,  and  in  a  single  Indian  group  you  see 
the  odds  and  ends  of  clothing  from  all  parts  of  the  globe  most  fancifully  and  grotesquely  worn. 
Don  Tomas,  the  chief  of  the  Santa  Isabella  Pueblos,  is  quito  a  fine-looking  person,  and  has  con- 
siderable reputation  as  a  man  and  warrior.  He  goes  about  dressed  in  a  full-dress  soldier's  coat 
and  shirt,  but  no  breeches  ;  carries  an  old  sabre  as  a  sword  of  justice  and  rod  of  correction, 
judging  from  the  way  I  saw  him  use  the  flat  of  it  on  the  back  of  a  drunken  Indian. 

The  opposite  picture  is  a  lithograph  of  a  Diegefio,  wife  aud  child — the  one  leading  and  the 
other  riding  a  mule — as  we  met  them  travelling  to  the  "  Agua  Caliente,"  near  Warner's 
rancho. 

There  are  many  Indian  tribes  scattered  throughout  this  part  of  California  ;  but  I  will  con- 
fine my  remarks  particularly  to  those  dwelling  on  the  Colorado  and  Gila.  From  about  sixty 
miles  above  Fort  Yuma  to  within  a  few  miles  of  the  most  southern  point  of  that  part  of  the 
Colorado  forming  the  boundary,  live  the  Cuchanos,  or  Yumas.  A  belt  of  land  of  some  few 
miles  in  width,  forms  neutral  ground  between  them  and  the  Cocopaa  ;  the  latter  living  below, 
and  near  the  mouth  of  the  Colorado,  within  the  limits  of  Mexico,  and  the  former  almost  entirely 
in  the  United  States.  These,  together  with  the  Maricopas,  who  now  live  up  the  Gila  among 
the  Pimos,  originally  formed  one  tribe.  Disagreeing  upon  the  choice  of  chiefs,  they  separated  ; 
until  recently,  they  have  been  deadly  enemies,  carrying  on  a  war  of  extermination  to  the  knife. 
The  continued  warfare  with  each  other  has  compelled  them  to  manifest  a  seeming  friendship  for 
the  whites,  has  occasioned  great  loss  of  life  and  property,  and  been  detrimental  to  their 
increase.  In  consequence  of  their  great  suffering,  the  Cuchanos  have  found  it  necessary  and 
expedient  to  live  near  the  post ;  every  day,  numbers  are  seen  loitering  about  the  parade-ground, 
and  through  the  quarters  of  officers  and  men.  These  tribes  speak  tho  same  dialect,  follow 
the  same  habits  and  customs,  and  dress  in  the  same  manner  and  of  the  same  materials.  The 
Maricopas,  however,  are  fast  becoming  embodied  with  the  Pimos,  and  seldom  visit  their  kins- 
men. The  Yumas  and '  Cocopas  are  said  to  be  very  treacherous  races  ;  they  conquer  not  by 
fair  and  honorable  contest,  but  by  craft  and  cunning,  and  midnight  attack  ;  they  steal  upon 
their  enemies  under  the  cover  of  night,  and  beat  out  the  brains  of  their  unsuspecting  foes  with 
clubs  ;  or,  under  the  garb  of  friendship  and  peace,  invite  each  other  to  feasts,  and  suddenly 
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the  willow-bark  ;  they  tip  the  ends  of  the  cords  with  bit*  of  red  flannel ;  the  girdle  is  then 
made  of  cords  of  the  same  kind,  only  variegated  with  different  colors,  red,  white,  and  blue. 
When  they  lie  down  to  sleep,  they  strip  and  cover  themselves  with  their  clothes,  having  nothing 
beneath  them  ;  in  winter  they  keep  warm  by  lying  near  a  fire.  The  hair  of  both  males  and 
females  is  cut  square  across  the  forehead  above  the  eyes,  the  sides  and  back  left  long  ;  the  men 
wear  it  very  long,  as  it  is  considered  a  great  ornament,  and  braid  it  in  rolls ;  the  latter  are 
used  for  the  purpose  of  securing  their  bows,  arrows,  and  clothes  above  water  when  swimming 
a  river.  The  women  do  not  wear  it  as  long  as  the  men.  They  speak  of  one  of  their  celebrities, 
now  dead,  with  great  respect,  as  the  warrior  with  the  very  long  hair.  Both  sexes  paint ;  the 
usual  colors  are  vermilion,  black,  and  blue.  A  very  few  are  tattooed  ;  this  operation  is  per- 
formed by  pricking  the  skin  with  the  sharp  point  of  a  flint,  and  sprinkling  in  the  wound  the  dust 
of  charcoal.  Very  few  ornaments  are  used.  The  chiefs  of  the  various  bands  seem  to  have 
a  distinct  official  badge,  consisting  of  pearl-shells  suspended  by  rings  from  the  nose.  Both 
men  and  women  are  passionately  fond  of  glass  beads. 

Although  their  language  is  not  sweet,  the  sounds  being  guttural  and  harsh,  still  their  names 
are  very  pretty.  Three  of  the  belles  of  the  tribe  were  uatned  Ma-vah,  He-pa,  and  Le-och. 
There  appears  to  be  no  marriage  ceremony.  If  a  man  and  woman  like  each  other,  they  live 
together ;  if  they  afterwards  disagree  they  can  separate,  provided  there  be  no  children,  and 
even  then  they  can  marry  again  should  both  parties  consent.  Unmarried  women  are  taken 
care  of  by  the  tribes ;  children  can  go  from  one  hut  or  family  to  another,  and  will  be  fed  and 
cared  for  as  belonging  to  the  tribe.  Nor  do  they  have  any  funeral  ceremonies.  When  a  death 
occurs  they  move  their  villages,  although  sometimes  only  a  short  distance,  but  never  occupying 
exactly  the  same  locality.  The  dead  is  burned  ;  the  body,  dressed  and  surrounded  with  all  the 
personal  effects,  is  placed  upon  a  funeral  pile  and  consumed.  No  disposition  is  over  made  of 
the  ashes.  A  feast  is  celebrated,  and  if  the  deceased  is  possessed  of  any  horses  they  are  killed 
and  eaten  ;  his  possessions  are  said  to  be  bad,  and  are  burnt  or  destroyed.  The  female  relations 
of  the  departed  mourn  for  many  days,  manifesting  their  grief  by  tearing  out  their  hair,  cutting 
their  bodies,  and  destroying  everything  they  possess,  not  even  saving  a  vestige  of  their  gar- 
ments. If  any  member  of  the  tribe  should  kill  another,  whether  in  the  heat  of  battle  or  in 
cold  blood,  he  returns  to  his  home  and  atones  for  the  necessity  of  having  been  compelled  to 
commit  the  deed  by  keeping  a  fast  for  one  moon  ;  on  such  occasions  he  eats  no  meat — only 
vegetables— drinks  only  water,  knows  no  woman,  and  bathes  frequently  during  the  day  to 
purify  the  flesh. 

Among  these  tribes  they  have  a  ceremony  for  celebrating  the  arrival  of  a  virgin  to  the  age 
of  puberty.  When  the  old  women  ascertain  the  fact,  the  whole  tribe  collect  together  and 
celebrate  the  occasion  with  a  feast.  The  applicant  for  womanhood  is  placed  in  an  oven  or 
closely  covered  hat ;  this  is  made  by  digging  a  hole,  in  which  they  lay  heated  stones,  covering 
them  with  twigs  and  bushes,  upon  which  the  novice  is  placed  ;  hot  water  is  then  thrown  upon 
the  stones,  and  when  completely  steamed  and  saturated  with  profuse  perspiration,  she  plunges 
into  the  river  and  takes  a  bath.  This  process  is  kept  up  for  three  days,  maintaining  a  fast  all 
the  time.  The  feast  celebrated,  the  girl  is  considered  a  woman,  and  is  ready  for  marriage ; 
maidens,  however,  do  not  generally  marry  early.  They  become  fully  developed  at  about  twelve 
or  fourteen,  and  grow  so  rapidly  that  in  a  few  years  they  look  coarse  and  fat.  Previous  to  a 
birth,  the  mother  leaves  her  village  for  some  short  distance  and  lives  by  herself  until  a  month 
after  the  child  is  born ;  the  band  to  which  she  belongs  then  assembles  and  selects  a  name  for 
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the  little  one,  which  is  given  with  some  trivial  ceremony,  and  the  mother  then  returns  with  it 
to  her  home. 

Nothing  is  known  of  their  religion.  At  one  time  they  profess  to  worship  the  Bun  and  moon ; 
at  another  they  say  the  Indian  and  white  man  have  the  same  God  ;  then  von  find  them  making 
pilgrimages  to  the  sepulchre  of  some  departed  chieftain,  celebrated  for  deeds  of  valor  or  civic 
honors. 

As  to  their  government,  they  are  divided  into  hands,  each  having  its  own  head.  There  is 
one  principal  hereditary  chief  presiding  over  the  whole.  Each  of  the  former,  with  the  advice  of 
its  members,  decides  upon  all  affairs  relating  directly  to  the  band  to  which  he  belongs.  Any 
important  business  affecting  the  whole,  is  acted  upon  by  a  council  of  chiefs — the  principal 
chieftain  governing  their  deliberations.  Each  chief  punishes  delinquents  by  beating  them 
across  the  back  with  a  stick.  Criminals  brought  before  the  general  council  for  examination,  if 
convicted,  are  placed  in  the  hands  of  a  regularly  appointed  executioner  of  the  tribe,  who  inflicts 
such  punishment  as  the  council  may  direct. 

An  execution  took  place  among  the  Cuchanos  whilst  wo  were  in  their  neighborhood,  which 
created  great  sorrow  among  us  all.  An  Indian  boy  named  "  Bill"  was  in  the  habit  of  going 
up  and  down  the  river  on  board  the  steamboat,  and  frequently  visited  the  post  and  our  camp. 
Being  very  smart  and  good-natured,  he  became  a  great  favorite  ;  and  speaking  some  little  Eng- 
lish and  Spanish,  could  act  as  interpreter.  He  was  secretly  accused  and  tried  before  the  council 
for  "  being  under  the  influence  of  evil  spirits" — the  evidence  going  to  show,  that  for  the  sake 
of  frightening  a  little  child  he  had  forewarned  it  of  ite  death  on  the  following  day,  which,  in 
reality,  accidentally  took  place.  He  was  convicted  and  sentenced  to  be  executed.  Whilst 
seated  on  the  ground  with  three  others  of  his  tribe,  laughing,  talking,  and  playing  cards,  the 
executioner  walked  up  behind  him  and  struck  him  three  blows  upon  the  forehead  and  each 
temple,  killing  him  instantly. 

Their  games  are  few.  The  principal  one  is  called  rao-upp,  or  in  Spanish,  redondo,  played 
with  two  poles  fifteen  feet  long,  and  a  ring  some  few  inches  in  diameter.  They  play  another 
with  sticks,  like  jack-straws ;  also  monte  and  other  games  of  cards,  but  know  no  ball  plays. 
Old  and  young  join  in  the  games.  Different  from  most  Indians,  they  seem  to  be  good-natured, 
laughing  and  talking  all  the  time.  They  are  very  affectionate  towards  each  other,  and  it  is 
not  unusual  to  see  them  walking  with  their  arms  around  each  other's  waists. 

Music  is  not  much  cultivated  among  them.  They  sing  some  few  monotonous  songs,  and  the 
beaux  captivate  the  hearts  of  their  lady-loves  by  playing  on  a  flute  made  of  cane.  They  manu- 
facture but  few  articles.  The  women  make  baskets  of  willow,  and  also  of  tule,  which  are  im- 
pervious to  water  ;  also  earthen  ollas  or  pots,  which  are  used  for  cooking  and  for  cooling  water  ; 
they  answer  the  latter  purpose  very  well — being  porous,  the  water  oozes  out  and  evaporates  on 
the  surface.    The  men  make  headstalls  and  r  eat  as  for  horses. 

Although  constantly  in  the  water,  these  Indians  never  use  canoes,  but  swim  from  shore  to 
shore  ;  and  in  tho  event  of  moving  their  families  some  distance  down  stream,  they  place  them  on 
rafts  of  wood  or  balsas  of  rushes,  push  them  out  in  the  channel,  and  trust  to  the  current,  di- 
recting their  movements  with  a  polo. 

Owing  to  the  mild  climate  and  the  absence  of  rains,  they  require  but  little  shelter,  and  their 
houses  are  of  the  meanest  construction.  Sometimes  they  make  them  of  upright  poles  a  few  feet 
in  height,  crossed  horizontally  by  others  on  the  top,  upon  which  rest  brush  and  dirt.  The 
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side  to  the  prevailing  wind  is  sloped  towards  the  ground.  They  usually  select  a  sandy  spot,  as 
it  is  warmer  in  winter  and  cooler  in  summer. 

Major  Heintzelman,  in  speaking  of  their  agriculture,  says  "  it  is  simple  ;  with  an  old  axe, 
(if  they  are  so  fortunate  as  to  possess  one.)  knives,  and  fire,  a  spot  likely  to  overflow  is  cleared; 
after  the  waters  subside,  (those  of  the  annual  rise,)  small  holes  are  dug  at  proper  intervals,  a 
few  inches  deep,  with  a  sharpened  stick,  having  first  removed  the  surface  for  an  inch  or  two,  as 
it  is  apt  to  cake  ;  the  ground  is  tasted  ;  if  salt,  rejected,  and  if  not,  the  seeds  are  planted.  No 
further  care  is  required  but  to  remove  the  weeds,  which  grow  most  luxuriantly  wherever  the 
water  has  been.  They  cultivate  watermelons,  muskmelons,  pumpkins,  corn,  and  beans.  The 
watermelons  are  small  and  indifferent,  muskmelons  large,  and  pumpkins  good ;  these  latter 
they  cut  and  dry  for  winter  use.  Wheat  ia  planted  in  the  same  manner,  near  the  lagoons,  in 
December  or  January,  and  ripens  in  May  or  June.  It  has  a  fine  plump  grain  and  well-filled 
heads.  They  also  grow  grass-seed  for  food  *,  it  is  prepared  by  pounding  the  seed  in  wooden  mor- 
tars made  of  raezquite,  or  in  the  ground.  With  water  the  meal  is  kneaded  into  a  mass,  and 
then  dried  in  the  sun.  The  mezquite  bean  is  prepared  in  the  same  manner,  and  will  keep  to  the 
next  season.  The  pod-mezquite  begins  to  ripen  the  latter  part  of  June  ;  the  screw-bean  a  little 
later.  Both  contain  a  great  deal  of  saccharine  matter;  the  latter  is  so  full,  it  furnishes,  by 
boiling,  a  palatable  molasses  ;  and  from  the  former,  by  boiling  and  fermentation,  a  tolerably 
good  drink  may  be  made.  The  great  dependence  of  the  Indian  for  food,  besides  the  product  of 
his  fields,  is  the  mezquite-bean.  Mules  form  a  favorite  article  of  food  ;  but  horses  are  so  highly 
prized,  they  seldom  kill  them,  unless  pressed  by  hunger  or  required  by  their  customs. "  A 
lithographic  sketch  accompanies  this  report,  depicting  the  appearance  and  dross  of  the  Tumas, 
or  Cucbanos. 

Apart  from  my  own  observations  of  the  Indians  of  the  Colorado,  I  am  very  much  indebted 
for  my  acquaintance  with  their  habits  and  customs  to  the  very  interesting  report  of  Major 
Heintzelman,  from  which  I  have  taken  the  liberty  to  make  some  extracts,  and  also  to  frequent 
conversations  with  Major  George  H.  Thomas,  Dr.  Robert  J.  Abbott,  and  other  officers  of  the 
army  stationed  at  Fort  Yuma  during  our  sojourn  in  its  neighborhood.  It  may  be  pardonable 
in  me  to  render  here,  by  a  passing  word,  an  acknowledgment  of  the  great  kindness  and  consid- 
eration shown  myself  and  assistants  by  all  those  officers  whom  we  had  the  good  fortune  to  meet 
after  reaching  the  shores  of  the  Pacific.  Our  wants  were  always  kindly  supplied,  and  all  they 
could  do  was  done,  to  expedite  the  work. 

On  examination,  after  arriving  at  Fort  Yuma,  it  was  found  that  the  instruments  were  dis- 
arranged, and  in  some  instances  broken,  in  consequence  of  the  numerous  changes  in  the  mode  of 
transportation,  and  the  rough  road  travelled  over  ;  they  were,  however,  soon  repaired,  as  well 
ae  circumstances  would  permit,  and  tho  work  commenced  very  shortly  after  reaching  the  field  of 
our  operations. 

Surveys  of  the  meanderings  of  tho  rivers  Gila  and  Colorado  for  short  distances  above  their 
junction,  and  of  tho  latter  river  from  the  junction  down  to  the  head  of  ship  navigation,  to- 
gether with  the  roads  in  the  neighborhood,  were  made  by  assistant  surveyor  A.  C.  V.  Schott, 
assisted  by  Messrs.  E.  A.  Phillips,  C.  Michlcr,  and  T.  Cozzcns.  Owing  to  the  thick  under- 
brush along  the  banks,  the  work  proved  tedious. 

Astronomical  and  meteorological  observations  were  daily  made  by  myself,  assisted  by  Mr.  G. 
Power,  and  the  computations  made  by  Mr.  J.  O'Donoghuc.  At  the  same  time  I  carried  on  the 
triangulation  "  to  a  point  on  the  Colorado  river  twenty  English  miles  below  its  junction  with  the 
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Gila."  In  consequence  of  the  thick  growth  of  timber  along  the  river,  this  was  effected  on  the 
sand  plain  until  near  the  terminal  point.  The  timber  on  the  bottom-land  there  is  nearly  two 
miles  in  width,  and  lines  of  Bight  for  the  theodolite  had  to  be  cnt  through  it  to  approach  the 
river.  This  obstruction  delayed  the  work  some  time,  and  numerous  dnst-storms  also  impeded 
its  progress,  preventing  the  possibility  of  using  any  instrument  for  several  days  at  a  time. 

On  the  14th  February,  1855,  we  moved  the  main  camp  from  opposite  Fort  Yuma,  in  order  to 
be  more  in  the  vicinity  of  our  work  ;  a  beautiful  mezquite  grove  near  a  laguna  of  fresh  water 
was  selected.  This  spot  was  close  to  the  edge  of  the  sand  plain,  and  the  nearest  desirable  one 
to  the  terminal  point  of  the  triangulation,  about  two  miles  distant  in  a  direct  line.  It  is  the 
site  of  Fitzgerald's  battle-ground,  twenty-two  miles,  by  the  road,  below  Fort  Yuma.  We  were 
here  joined  by  our  escort,  company  I,  1st  artillery,  officered  by  First  Lieutenant  (now  captain) 
Francis  E.  Patterson,  and  Second  Lieutenant  Henry  \V.  Closson. 

By  the  4th  of  March  the  triangulation  and  survey  were  all  completed,  an  observatory  erected 
near  the  initial  point  of  the  new  azimuth  line,  (running  eastward  to  the  intersection  of  the 
111th  meridian  west  of  Greenwich,  with  the  parallel  31°  20'  north  latitude,)  and  astronomical 
observations  with  the  transit  and  zenith  instrument  commenced.  Our  lucky  stars  did  not,  how- 
ever, prove  to  be  in  the  ascendency  ;  first,  clouds  obscured  them,  and  then  the  rising  waters  of 
the  Colorado  did  not  leave  us  long  undisturbed.  There  came  a  freshet  from  the  Gila,  far  up  in 
the  mountains,  causing  the  Colorado  to  rise  very  slowly — so  slowly  that  we  anticipated  no  dan- 
ger. The  sloughs  began  to  fill  up  between  the  observatory  and  the  camp  ;  the  men  bridged  . 
them,  and  still  we  hoped  to  see  the  water  recede  before  forcing  us  to  move.  Day  after  day 
it  continued  to  advance  upon  us  until  the  night  of  the  19th,  when  the  instruments  were 
packed  and  moved  to  a  higher  point,  five  hundred  yards  distant.  By  this  time  th*  water  had 
entered  the  observatory,  and  to  reach  it  we  were  compelled  to  wade  waist-deep  for  nearly  the 
whole  of  that  distance.  An  extract  from  my  notes  of  the  20th  says:  "  Compelled  again  to 
move  the  instruments  and  carry  them  up  to  camp ;  every  slough  is  filled,  all  rapidly  rising,  and 
several  swimming  deep ;  rafts  built  to  transport  the  men  over  them  ;  all  the  men  in  water  up  to 
their  breasts,  and  instruments  only  kept  dry  by  being  carried  on  their  heads.  About  noon  all 
safely  in  camp  ;  water  within  fifty  feet  of  it,  and  everybody  getting  ready  to  leave.  At  sunset 
the  river  still  continues  rising,  and  gradually  approaches  camp,  but  so  slowly  that  we  are  still 
in  doubt.  At  2  o'clock  a.  m.,  decided  to  take  to  the  sand-hills  ;  the  long  roll  was  beaten,  the 
camp  struck,  the  train  loaded,  and  all  moved  on  the  high  plain.  Behind  us  lay  a  desert  of 
sand  forty  miles  across,  and  in  front  was  spread  a  sheet  of  water  several  miles  in  breadth.  From 
fifteen  hundred  feet  the  Colorado  had  widened  to  at  least  five  miles." 

After  being  forced  from  our  position,  the  river  commenced  falling  back  into  its  old  channel. 
The  bottom-land  had  become  so  boggy,  it  was  many  days  before  we  were  able  to  reach  our  ob- 
servatory. In  the  mean  time,  that  portion  of  the  Mexican  commission  appointed  to  co-operate 
with  me  arrived.  The  party  was  composed  of  Don  Francisco  Jimenez,  1st  engineer,  in  charge, 
agisted  by  Senores  Manual  Alemfin  and  Augustine  Diaz,  2d  engineers.  Captain  Hilarion  Garcia 
and  Lieutenant  Romero  were  the  officers  of  the  escort. 

Having  already  made  much  progress  in  the  work,  Mr.  Jimenez  consented  to  adopt  the  initial 
point  fixed  by  me.  He  also  accepted  its  longitude  as  determined  by  my  triangulation.  Having 
succeeded  at  length  in  reaching  the  river,  we  were  bcth  enabled  to  commence  observing  for  lati- 
tude on  the  night  of  the  1st  of  April.  After  ten  nights  of  successive  observations  a  mean  of 
the  rcsulte  of  each  party  was  taken  as  the  final  determination.  The  latitude  of  this  initial 
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point  on  the  Colorado  is  32°  29'  44".45  north,  and  the  longitude  of  same  114°  48'  44".53  west 
of  Greenwich.  The  computed  azimuth  Of  the  line  connecting  this  point  with  the  intersection 
of  the  111th  meridian  and  parallel  31°  2ff  north,  forming  part  of  the  boundary  between  the 
United  States  and  Mexico,  is  at  the  initial  point  71°  20"  43".8  southeast,  and  at  the  intersection 
69°  iy  45".94  northwest,  and  its  length  237.63565  English  miles.  The  mean  of  eighty  barome- 
trical observations  at  this  point  is  29.871  inches,  —  .020  for  non-periodic  error  =  29.851  ;  the 
non-periodic  error  was  obtained  by  comparison  with  observations  made  at  San  Diego.  The 
height  of  this  point  above  the  level  of  the  sea  at  San  Diego  is  156.3  feet ;  it«  distance  below  the 
junction  by  the  meander ings  of  the  river  is  27.9  miles,  making  the  mean  fall  of  the  river  be- 
tween these  two  points  4.26  feet  per  mile. 

The  magnetic  variation  of  the  initial  point  in  March,  1855,  was  12°  37'  30"  east  of  north. 
As  it  was  impossible  to  mark  the  exact  initial  point  in  the  middle  of  the  stream,  Mr.  Jimenez 
and  myself  established  the  first  monument  3,164.84  feet  distant  from  it,  in  the  direction  of  the 
line,  at  its  intersection  with  the  meridian  of  the  observatory.  The  azimuth  of  this  monument  is 
71°  20'  25"  southwest.  Monument  II,  of  cast  iron,  and  pyramidal  in  form,  is  placed  on  the 
edge  of  the  sand  plain,  as  this  position  is  more  permanent  and  free  from  the  action  of  freshet*  in 
the  Colorado.  1  give  it«  astronomical  position  :  Latitude  32°  29'  01".48  north,  and  longitude 
114°  46'  14".43  west  of  Greenwich.  The  azimuth  of  the  line  is  71°  19'  23".18  southeast;  its 
distance  from  the  initial  point  is  4,522.9  yards.  This  monument  erected,  everything  was  in 
readiness  to  prolong  the  line.  An  agreement  was  drawn  up  between  both  parties  to  facilitate 
the  tracing  and  marking  of  the  line  by  working  conjointly. 

From  the  junction  to  Sonoyta,  a  Mexican  and  Indian  ranchcria,  or  village,  situated  near  the 
middle  of  the  line,  two  roads  run.  The  first  one,  which  we  will  now  describe,  crosses  the  desert 
west  of  the  Sierra  de  la  Gila,  in  a  southeast  direction,  to  a  pass  through  one  of  its  ridges  leading 
to  water-holes,  called  by  the  Mexicans,  "  Tinajas  Altas."  These  are  natural  wells  formed  in 
the  gullies,  or  arroyos,  on  the  sides  of  tho  mountains,  by  dams  composed  of  fragments  of  rocks 
and  sand  washed  down  by  heavy  rains ;  they  arc  filled  up  during  the  rainy  seasons,  and 
frequently  furnish  travellers  with  water  for  many  months  of  the  year,  being,  in  fact,  their  only 
dependence.  There  are  eight  of  these  tinajas,  one  above  the  other,  the  highest  two  extremely 
difficult  to  reach  ;  as  the  water  is  used  from  the  lower  ones  you  ascend  to  the  next  higher,  pass- 
ing it  down  by  means  of  buckets.  It  is  dangerous  to  attempt  the  highest,  as  it  requires  a  skil- 
ful climber  to  ascend  the  mountain,  which  is  of  granitic  origin,  the  rocks  smooth  and  slippery. 
Although  no  vegetation  marks  the  place,  still  it  is  readily  found.  A  variety  of  birds  frequent 
the  spot,  principally  the  small,  delicate  humming-bird.  The  "palo  de  fierro"  and  the  "palo 
verde"  grow  near  tho  base  of  the  mountain. 

The  distance  to  the  "Tinajas"  is  forty-five  miles,  over  the  desert  plain  already  described ; 
the  first  twelve  through  the  heaviest  kiud  of  white  sand,  and  it  is  next  to  an  impossibility 
for  a  train  to  pass  over  it,  even  by  doubling  teams — twelve  mules  to  each  wagon.  Sixteen  miles 
and  a  half  further  on  you  reach  the  "  Tinajas  del  Tule,"  situated  in  the  mountains  of  the  same 
name,  called  so  from  the  few  scattered  blades  of  coarse  grass  growing  in  their  vicinity.  The 
water  here  is  found  in  an  arroyo,  walled  in  by  huge  high  masses  of  granitic  rocks,  which  present 
a  peculiar  appearance,  as  they  lie  in  smooth  whitish  lumps  huddled  together  in  every  possible 
way.  The  road  winds  through  the  ridges  of  this  sierra  for  many  miles,  and  then  passes  over  a 
plain  in  an  easterly  course  until  it  turns  the  southern  base  of  the  "  Cerro  Salado."  From  this 
point  it  follows  up  the  valley  of  a  subterraneous  creek,  (at  two  points  of  which  sweet,  or  slightly 
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brackish,  water  can  be  had  bj  digging)  to  an  Indian  village  called  Quitobaqnita,  fifty-four  miles 
from  "  Tule."  Midway  between  these  two  places  is  a  low  mezquite  flat  called  "  Las  Playas," 
containing  charcos,  or  holes,  which  arc  filled  dnring  the  rainy  season  with  water. 

The  second  road  from  the  junction,  known  by  the  name  of  the  "Cabeza  Prieta"  route, 
from  passing  near  "TinajaB,"  in  the  mountain  of  that  name,  after  continuing  up  the  Gila 
for  forty  miles,  leaves  it  and  joins  the  first  at  "  Las  Playas."  At  Quitobaqnita  there  are  fine 
springs  running  for  the  greater  part  of  the  year. 

The  road  continues  along  the  course  of  tho  subterraneous  stream  until  you  reach  the  Kancho 
do  Sonoyta,  thirteen  miles  and  a  half  further  on.  From  the  junction  to  within  a  short  distance 
of  this  place,  a  heavy  roadofono  hundred  and  thirty  miles,  you  look  on  a  desert  country. 
Near  Sonoyta  it  is  well  covered  with  mezquite  timber  ;  in  the  valley,  to  the  east  of  the  town, 
there  is  some  salt  grass;  but  to  the  west,  as  far  as  the  Colorado,  scarce  a  blade  is  to  be  seen. 
A  dull,  wide  waste  lies  before  you,  interspersed  with  low  sierras  and  mounds,  covered  with 
black  igneous  rockB.  The  soil  is  a  mixture  of  sand  and  gravel ;  the  reflection  from  its  white 
surface  adds  still  greater  torment  to  the  intense  and  (fcorching  heat  of  the  sun.  Well  do  I 
recollect  the  ride  from  Sonoyta  to  Fort  Yuma  and  back,  in  the  middle  of  August,  1855.  It  was 
the  moat  dreary  and  tiresome  I  have  ever  experienced.  Imagination  cannot  picture  a  more 
dreary,  sterile  country,  and  we  named  it  the  "  Mai  Pais."  The  burnt  lime-like  appearance  of 
the  soil  is  ever  before  you  *,  tho  very  stones  look  like  the  scoria)  of  a  furnace ;  there  is  no  grass, 
and  but  a  sickly  vegetation,  more  unpleasant  to  the  sight  than  the  barren  earth  itself ;  scarce  an 
animal  to  be  seen — not  even  the  wolf  or  the  hare  to  attract  the  attention,  and,  save  the  lizard  and 
the  horned  frog,  naught  to  give  life  and  animation  to  this  region.  The  eye  may  watch  in  vain 
for  the  flight  of  a  bird ;  to  add  to  all  is  the  knowledge  that  there  is  not  one  drop  of  water  to 
be  depended  upon  from  Sonoyta  to  the  Colorado  or  Gila.  All  traces  of  the  road  are  sometimes 
erased  by  the  high  winds  sweeping  the  unstable  soil  before  them,  but  death  has  strewn  a  con- 
tinuous line  of  bleached  bones  and  withered  carcases  of  horses  and  cattle,  as  monuments  to  mark 
the  way. 

Although  I  travelled  over  it  with  only  four  men  in  the  most  favorable  time,  during  the  rainy 
season  of  Sonora,  onr  animals  well  rested  and  in  good  condition,  still  it  was  a  difficult  un- 
dertaking. On  our  way  to  the  post  from  Sonoyta  we  met  many  emigrants  returning  from  Cali- 
fornia, men  and  animals  suffering  from  scarcity  of  water.  Some  men  had  died  from  thirst,  and 
others  were  nearly  exhausted.  Among  those  we  passed  between  the  Colorado  and  the  "TinajaB 
Alt  as,"  was  a  party  composed  of  one  woman  and  three  men,  on  foot,  a  pack-horse  in  wretched 
condition  carrying  their  all.  The  men  had  given  up  from  pure  exhaustion  and  laid  down  to  die  ; 
but  the  woman,  animated  by  love  and  sympathy,  had  plodded  on  over  the  long  road  until  she 
reached  water,  then  clambering  up  the  side  of  the  mountain  to  the  highest  tinaja,  she  filled  her 
bota,  (a  sort  of  leather  flask,)  and  scarcely  stopping  to  take  rest,  started  back  to  resuscitate  her 
dying  companions.  When  wo  met  them,  she  was  striding  along  in  advanco  of  tho  men,  ani- 
mating them  by  her  example. 

On  our  return  we  had  to  ride  to  the  "  Tinajas  Altas,"  forty-five  miles,  the  first  night  to 
reach  water ;  and  the  second  one  over  sixty-three  to  "  Agua  Dulce,"  where  we  managed  to 
obtain  some  by  digging.  During  this  time  our  poor  mules  plodded  through  the  heavy  sand 
without  rest  or  food. 

It  was  over  this  country  one  portion  of  the  new  boundary  line  was  to  be  traced  ;  the  road 
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of  which  I  havo  just  spoken  runs  immediately  along  the  line,  and  is  the  only  practicable  one 
connecting  California  and  Sonora. 

Before  completing  the  work  immediately  on  the  river,  a  party. had  been  sent  ont  to  make  a 
reconnoissance  in  the  direction  of  the  line,  and  principally  to  examine  the  country  for  water. 
Anxious  to  have  no  delay,  as  the  hot  weather  was  fast  coming  on,  and  the  river-bottom  having 
become  so  infested  with  mosquitoes  as  to  make  life  unendurable  and  labor  of  any  kind  impracti- 
cable, we  commenced  prolonging  the  line  without  awaiting  the  return  of  the  reconnoitring 
party.  Mr.  Phillips,  in  the  performance  of  this  duty,  reached  the  Tinajas,  but  there  found 
very  little  water,  and  what  there  was,  difficult  of  access ;  and,  although  directed  to  some 
new  water-holes  by  a  Papago  Indian,  still  he  only  found  sufficient  to  last  a  short  time  for  a 
small  number  of  men  and  animals.  Mr.  Aleraftn,  of  the  Mexican  commission,  also  endeavored 
to  travel  the  road  ;  but  meeting  the  party  first  sent  out,  and  hearing  their  report  of  the  entire 
absence  of  water  from  the  river  to  Sonoyta,  was  compelled  to  turn  back. 

The  escort  and  provision  train  likewise  made  an  attempt,  but  it  was  found  almost  impossible 
to  advance  more  than  a  few  miles  with  the  heavily-loaded  wagons.  My  own  success  was  little 
better  ;  starting  from  our  camp  with  a  light  spring-wagon  and  six  good  mules,  I  managed  to 
make  twenty-five  miles  in  twenty-eight  hours'  constant  travel ;  an  express  then  reached  me 
from  Mr.  Aleman,  informing  me  of  the  unfavorable  account  of  the  search  for  water. 

Not  finding  it  feasible  to  carry  out  our  plan  of  operations,  the  parties  of  both  commissions 
retraced  their  steps  to  the  Gila.  Every  effort  had  been  made  to  prosecute  the  work,  under  the 
most  trying  circumstances,  but  we  found  it  useless  to  contend  against  impossibilities.  It  was 
then  agreed  by  Mr.  Jimenez  and  myself  "  to  cease  operations  at  the  west  end,  and  to  proceed 
along  the  Gila  to  the  east  end  of  the  azimuth  line,  there  to  fix  the  point  of  intersection  of  the 
parallel  31°  W  north  latitude  with  the  111th  meridian  west  of  Greenwich,  and  afterwards  to 
trace  the  line  from  that  point  westward  as  far  as  practicable." 

On  May  5th  both  parties,  American  and  Mexican,  took  the  road  leading  up  the  Gila  ;  this 
journey  waB  a  long  and  tedious  one,  our  mules  having  been  thoroughly  used  up  in  their  service 
on  the  desert.  During  the  whole  winter  they  had  had  but  scanty  grazing,  and  to  find  any  at 
all  had  to  be  driven  ten  miles  up  the  Gila.  As  thero  are  but  three  or  four  families  of  whites 
living  on  the  Colorado,  and  those  only  in  charge  of  ferries,  they  did  not  pretend  to  cultivate  the 
soil  and  raise  grain  ;  and  at  the  post  they  had  only  sufficient  for  their  own  use.  For  some  little 
barley,  shipped  at  San  Francisco  and  brought  round  by  water,  I  paid  twelve  cents  a  pound,  and 
for  hay  one  hundred  dollars  per  ton. 

The  condition  of  our  animals  compelled  us  to  make  but  short  marches  each  day,  to  enable 
them  to  recruit. 

As  the  road  we  followed  has  been  travelled  and  reported  upon  by  others,  I  shall  not  dwell 
long  upon  the  subject.  It  continues  the  greater  part  of  the  distance  in  the  valley  of  the  Gila, 
occasionally  leaving  it  for  a  few  miles  to  go  upon  the  sand  plains  bordering  the  bottom-land, 
or  where  hills  jut  into  the  water's  edge,  such  as  "  Los  Metates,"  "  Lomas  Negras,"  or  "  Lomas 
del  Muerto,"  either  following  round  their  bases  or  crossing  them.  The  last  named  is  really 
the  only  difficult  place  in  the  road,  but  a  trying  one  for  mules  and  wagons.  It  is  110  miles 
above  Fort  Yuma,  and  consists  of  steep,  rugged  buttes,  which,  in  a  low  stage  of  the  river,  can 
bo  avoided  by  crossing  to  the  other  side,  but  in  high  water  must  be  passed  over.  Here  are 
several  severe  ascents  and  descents,  one  at  an  angle  of  forty-five  degrees,  where  it  is  necessary 
to  let  wagons  down  by  ropes ;  they  are  also  covered  with  vesicular  rocks,  making  them  exceed- 
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ingly  rough.  The  valley  of  this  part  of  the  Gila  is  the  same  in  appearance  as  that  of  the  Colo- 
rado ;  the  soil  seems  to  he  more  sandy,  and  contains  more  alkaline  matter ;  a  white  efflorescence 
covers  nearly  the  whole  surface.  Little  grass  grows  excepting  in  spots  subject  to  overflow. 
The  same  freshet  which  molested  us  so  much  at  the  initial  point  here  proved  a  benefit,  as  we 
were  only  able  to  find  grazing  where  the  river  had  risen  over  its  banks. 

I  have  been  told  by  those  who  frequently  travel  along  this  part  of  the  river,  that  you  may  not 
bo  fortunate  enough  once  in  twenty  years  to  find  more  than  a  little  bunch-grass,  and  that  only 
by  driving  your  animals  to  the  plains,  four  or  five  miles  back  from  the  river.  By  constant 
search,  we  discovered  sufficient  for  our  purposes.  The  growth  does  not  vary  much.  For  the 
first  time,  we  see  the  "  cereus  giganteus,"  as  it  rises  fifteen  or  twenty  feet  above  the  head. 

One  hundred  and  forty  miles  above  the  junction  we  pass  a  place  called  "  Tezotal."  Several 
miles  before  reaching  it  you  find  limestone  rock  intermingled  with  seams  of  trap.  Here  the 
river  makes  a  large  bend  to  the  north,  and  the  road  pursues  a  direct  course  over  a  Jornada  of 
forty  miles  without  water,  until  you  reach  the  Maricopa  wells.  After  leaving  these  wells  you 
again  travel  for  twenty-nine  miles  along  and  occasionally  touching  the  river ;  you  also  pass 
through  several  Indian  villages  of  the  Pimos  and  Maricopas.  The  former  are  further  advanced 
in  the  art  of  agriculture,  and  are  surrounded  with  more  comforts,  than  any  uncivilized  Indian 
tribe  I  have  ever  seen.  Besides  being  great  warriors,  they  are  good  husbandmen  and  farmers, 
and  work  laboriously  in  the  field.  The  women  are  very  industrious,  not  only  attending  to 
their  household  duties,  but  they  also  work  superior  baskets,  cotton  blankets,  bolts,  balls,  &c. 
Their  huts  are  very  comfortable,  being  of  an  oval  shape,  not  very  high,  built  of  reeds  and  mud, 
and  thatched  with  tule  or  wheat-straw.  They  are  the  owners  of  fine  horses  and  mules,  fat  oxen 
and  milch  cows,  pigs  and  poultry,  and  are  a  wealthy  class  of  Indians. 

The  Pimos  consider  themselves  the  regular  descendants  of  the  Aztecs,  and  claim  "Monte- 
zuma ' '  to  have  been  of  their  tribe.  One  of  their  legends  speaks  of  his  leaving  them  on  horse- 
back on  his  prilgrimage  to  found  a  new  country.  As  the  Aztecs  in  all  human  probability  never 
Haw  any  horses  until  their  introduction  into  Mexico  by  the  Spaniards,  this  seems  to  be  a  fabrica- 
tion.   The  Aztecs,  too,  had  a  form  of  religious  service,  but  the  Pimos  to  this  day  have  none. 

As  we  journeyed  along  this  portion  of  the  valley  of  the  Gila  we  found  lands  fenced  in,  and 
irrigated  by  many  miles  of  acequias,  and  our  eyes  were  gladdened  with  the  sight  of  rich  fields 
of  wheat  ripening  for  the  harvest — a  view  differing  from  anything  we  had  seen  since  leaving 
the  Atlantic  States.  They  grow  cotton,  sugar,  peas,  wheat,  and  corn ;  from  the  last  two, 
parched  and  ground,  they  make  a  meal,  which,  mixed  with  water,  forms  a  cooling  and  palatable 
drink.  From  the  large  emigration  passing  through  they  have  learned  the  value  of  American 
coin,  and  you  can  use  it  in  the  purchase  of  anything.  Encamping  one  day  at  the  village  of 
their  principal  chief,  "  Cola  Azul,"  a  swarm  of  them  soon  infested  the  camp,  bringing  different 
articles  for  sale  or  barter.  In  a  short  time  we  had  laid  in  a  large  supply  of  corn,  much  needed 
for  our  poor  worn-out  mules. 

A  little  hillock  stands  near  tho  village,  used  as  a  look-out,  from  which  you  have  a  beautiful 
view  of  rich  cultivated  fields.  As  I  sat  upon  a  rock,  admiring  the  scene  before  me,  an  old 
grey-headed  Pimo  took  great  pleasure  in  pointing  out  the  extent  of  their  domains. 

They  were  anxious  to  know  if  their  rights  and  titles  to  lands  would  be  respected  by  our 
government,  upon  learning  that  their  country  had  become  part  of  the  United  States. 

From  the  Gila  to  Tucson — a  military  colony  of  the  Mexicans  on  tho  extreme  frontier — is 
a  second  Jornada,  seventy  miles  in  extent.  Near  the  middle  of  it  you  pass  a  detached  sierrra  called 
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"Picacho,"  or  peak,  an  upheaval  of  volcanic  rocks.  Tinajas  are  here  found  which  remain  filled 
with  water  for  short  periods  after  the  rainy  season. 

Several  miles  before  reaching  Tucson  you  strike  the  bed  of  the  Santa  Cruz  river,  but  the 
stream  is  subterraneous  until  you  reach  the  town.  The  latter  is  inhabited  by  a  few  Mexican 
troops  and  their  families,  together  with  some  tame  Apache  Indians.  It  is  very  prettily  situated 
in  a  fine  fertile  valley  at  the  baBe  of  the  Sierra  de  Santa  Catarina.  Some  fine  fields  of  wheat 
and  corn  were  ready  for  the  sickle.  Many  varieties  of  fruit  and  all  kinds  of  vegetables  were 
also  to  be  had,  upon  which  we  indulged  our  long-famished  appetites.  The  Apaches,  under  the 
direction  of  the  Mexicans,  do  most  of  the  labor  in  the  fields. 

Circumstances  were  such  that  my  party  and  escort  were  compelled  to  remain  encamped  near 
this  town  for  nearly  the  entire  month  of  June.  During  this  time  we  became  the  recipients  of 
every  attention  and  civility  from  Captain  Garcia,  who  commanded  the  place,  and  from  his 
family.  We  cannnot  find  words  to  express  our  thanks  for  their  uniform  kindness  and  constant 
efforts  to  make  the  time  pass  pleasantly. 

The  month  was  judiciously  occupied  in  repairing  the  train  and  recruiting  the  mules.  Having 
learned  previously  on  the  Gila  of  the  presence  of  the  commissioner  and  the  parties  immediately 
under  his  charge  at  his  camp  near  Los  Nogales,  sixty-nine  miles  distant  from  Tucson,  my  party 
was  directed  to  stop,  while  I  continued  on  to  have  an  interview  with  him. 

The  road  lay  in  the  valley  of  the  Santa  Cruz  as  far  as  the  "Rancho  de  las  Calabasas," 
between  high  mountains.  On  the  east  are  the  Santa  Catarina,  with  its  top  covered  with  lofty 
pines,  and  the  Santa  Rita  rich  in  minerals ;  and  on  the  west  are  the  Sierra  Rica  and  the  Sierra 

A  fine  specimen  of  meteoric  iron  brought  from  the  Santa  Rica  is  to  be  seen  at  Tucson,  and  is 
used  as  a  blacksmith's  anvil.    It  is  massive,  and  quite  malleable. 

You  pass  through  the  towns  of  San  Javier  and  Tubac,  and  the  mission  of  Tomocacari.  The 
first  place  has  been  ceded  by  the  Mexicans  to  the  Papago  Indians.  A  beautiful  church,  with 
its  exterior  walls  richly  ornamented,  carved,  and  stuccoed,  and  the  interior  handsomely  deco- 
rated and  painted  in  bright  colors,  with  many  paintings  in  fresco,  still  stands  as  a  monument 
to  the  zealons  labor  and  religious  enthusiasm  of  the  Jesuits  of  the  past  century. 

Tubac  is  a  deserted  village.  The  wild  Apache  lords  it  over  this  region,  and  the  timid 
husbandman  dare  not  return  to  his  home. 

The  mission  of  Tomocacari,  another  fine  structure  of  the  mother  church,  stands,  too,  in  the 
midst  of  rich  fields  ;  but  fear  prevents  its  habitation,  save  by  two  or  three  Germans,  who  have 
wandered  from  their  distant  fatherland  to  this  out  of  the  way  country. 

Leaving  the  Santa  Cruz  river  at  the  rancho,  and  following  up  the  pretty  little  valley  of  Los 
Nogales  for  several  miles,  brought  me  to  the  camp  of  the  United  States  commissioner.  It  was  a 
gratifying  sight,  and  refreshing  to  the  senses,  as  I  traversed  these  valleys,  to  see  them  clothed  with 
rich  green  verduro,  and  contrast  them  with  the  bleached  barrenness  of  the  Colorado  and  Gila. 

On  my  arrival,  I  found  the  observations  for  determining  the  latitude  and  longitude  of  the 
intersection  of  the  parallel  and  meridian  nearly  completed,  under  the  order  of  the  United  States 
commissioner,  and,  a  short  time  after,  a  pyramidal  monument  of  dressed  stone  was  erected  to 
mark  its  position.  At  this  point  Mr.  Jimenez  and  myself  again  commenced  operations,  on  the  26th 
of  June,  to  trace  and  mark  the  azimuth  line  running  westward.  By  this  time  there  were  some 
indications  of  the  commencement  of  the  rainy  reason,  for  which  we  had  been  anxiously  waiting. 
At  any  other  period  of  the  year  it  would  have  been  impossible  to  attempt  this  section  of  the  work, 
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«a  there  is  little  or  no  permanent  water  in  the  neighborhood  of  or  along  the  whole  length  of 
thin  line  of  two  hundred  and  thirty-seven  miles. 

Whilst  the  work  was  progressing,  Lieut.  Patterson  moved  with  the  escort  and  train  from 
Tucson,  via  Tuhac  and  Sopori,  to  Aribaca.  Ojo  del  Agua  de  Sopori  is  a  spring,  twolve 
miles  from  Tubac,  in  a  westerly  direction  ;  it  once  irrigated  the  valley  of  the  same  name,  which 
was  cultivated  by  Mexicans.  We  found  a  solitary  peach  tree,  loaded  with  fruit,  and 
signs  of  acequias,  relics  of  other  days.  The  stream  is  a  small  and  pretty  one.  A  league  from 
it,  in  the  Sierra  Atascosa,  rich  mines  of  copper,  silver,  and  gob',  are  said  to  exist.  Its  mineral 
resources  have  not  yet  been  thoroughly  examined,  on  account  of  the  Apache  Indians.  Only 
the  night  before  reaching  "Sopori,"  a  large  party  of  them  passed  within  a  short  distance  of  our 
camp,  driving  before  them  a  drove  of  horses  and  mules.  Within  a  day's  ride  of  Tubac,  through 
the  "  Sonora  Pass,"  tbey  have  large  herds  of  these,  together  with  cattle  and  milch  cows. 

Eighteen  miles  and  a  half  from  "  Sopori"  (an  Indian  name)  you  reach  a  deserted  Mexican 
rancho,  in  the  valley  of  Aribaca  ;  the  latter  is  narrow,  lying  east  and  west,  and  bounded  by 
high  granite  hills,  limited  on  the  east  by  the  Sierra  del  Pais.  These  are  all  said  to  be  rich  in 
mineral  wealth.  Within  four  miles,  and  south  of  the  deserted  rancho,  are  to  be  found  large 
excavations  made  by  men  previously  engaged  in  mining  ;  piles  of  metallic  ore  lay  near  the 
springs  where  they  had  been  engaged  in  smelting. 

The  valley  was  mantled  with  rich  green  pasturage ;  immediately  bordering  it  are  hills 
covered  with  line  grama  grass  and  a  low  growth  of  mezquite.  Numerous  springs  lie  con- 
cealed among  the  tule,  with  here  and  there  a  willow  or  a  cotton-wood  to  mark  their  localities. 
A  mule  trail  runs  south  from  this  place  to  Tubutama,  a  small  town  in  Sonora,  crossing  the  line 
about  thirteen  miles  from  Aribaca,  and  within  four  miles  of  the  "  Ojos  Escondidos,"  lying  at  the 
base  of  the  sierra  of  that  name.  To  the  northwest  is  a  range  of  mountains  crowned  with  a 
high  peak  of  solid  rock,  called  by  the  Papago  Indians  "  Baboquivari,"  or  "Water  on  the 
Mountain  ;"  in  winter  it  is  covered  with  snow  and  ice,  although  at  its  base  lies  the  "Tierra 
Caliente."  It  is  a  most  prominent  and  unmistakeable  land-mark,  and  during  the  triangulation 
of  the  line  was  of  the  greatest  service,  as  it  could  be  seen  from  different  points  more  than  one 
hundred  miles  apart. 

The  main  escort  and  train  remained  in  camp  at  Aribaca  until  near  the  middle  of  August.  A 
few  men,  under  Mr.  C.  Michler,  were  sent  west  to  Sonoyta  with  supplies  to  re-provision  the  party 
on  the  line,  and  to  make  a  rcconnoissance  of  the  road  made  by  the  wagons  from  Tubac  to  that 
place.  Lieutenant  Closson,  with  twelve  men,  formed  their  escort.  Mr.  Jiminez  and  Mr.  Ale- 
man  accompanied  them,  for  the  purpose  of  going  to  Quitobaquita  to  establish  its  astronomical 
position,  according  to  agreement  entered  into  with  the  United  States  commissioner. 

The  sierras  to  the  west  were  reported  to  be  detached,  and  not  continuous,  so  that,  by  winding 
around  their  bases,  a  good,  although  circuitous  wagon  road  might  be  found  ;  between  them  are 
generally  broad  and  level  valleys.  The  heavy  rains  in  that  direction  offered  great  hopes  of  an 
abundance  of  water  on  the  road. 

Having  shown  the  movements  of  the  different  parties,  I  return  to  the  party  on  the  line.  This 
was  necessarily  very  small  on  account  of  the  anticipated  scarcity  of  water.  To  reduce  as  much 
as  possible  the  size  of  the  pack-train,  there  were  no  more  men  employed  than  were  absolutely 
necessary  to  do  the  work,  without  any  regard  to  protection  or  defence  against  the  Indians. 

Leaving  the  "  Potrero"  in  the  valley  of  Loa  Nogales,  where  my  party  had  been  encamped 
for  a  few  days,  we  started  for  the  monument  at  the  intersection  of  the  parallel  31°  20',  and  the 
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111th  meridian.  Our  trail  led  up  a  pretty  little  valley  towards  the  west  for  eight  miles,  when 
we  reached  the  base  of  the  "Sierra  de  los  Pajaritos"  (the  Mountain  of  Little  Birds ;)  following 
up  one  of  the  arroyos  or  gullies  of  this  chain,  we  were  soon  locked  in  on  all  sides  by  high  hills  ; 
the  ravine  through  which  we  continued  to  wind  for  fonr  miles  became  rocky,  narrow,  and 
difficult  to  pass,  until  we  reached  some  small  springs,  "  Los  Ojos  de  Alizos."  At  this  point  we 
left  the  arroyo,  and  by  clambering  up  a  steep  ascent  gained  the  crest  of  the  hills  ;  riding  or 
walking  along  it  as  best  we  could,  and  passing  from  hill  to  hill,  each  higher  as  we  advanced, 
we  finally  reached  the  point  where  the  monument  stands.  The  hill  on  the  side  of  which  it  is  erected 
is  low  compared  to  the  high  peaks  in  its  immediate  vicinity ;  its  locality  is  not  easily  discovered. 
Our  instrument  being  placed  in  position,  the  azimuth  of  the  new  line  (69°  19'  46.9"  northwest) 
was  measured  from  a  meridian  established  by  assistant  Clark  ;  a  large  live-oak  growing  on  the 
adjoining  ridge  was  found  to  be  in  the  direction  of  the  line,  and  answered  the  purpose  of  a  monu- 
ment, (No.  XIX  from  the  Rio  Colorado.)  Scfior  A.  Diaz,  with  a  party,  operated  conjointly 
with  us  in  the  prolongation  of  this  line. 

As  if  in  response  to  our  earnest  wishes  for  rain,  to  be  able  to  continue  the  work,  we  had 
scarcely  commenced  our  labors  before  the  heavens  poured  down  refreshing  showers,  which  we 
saw  with  pleasure  extended  along  the  line.  The  commencement  of  the  rainy  season  is  in  reality 
the  beginning  of  spring.  The  vegetation  during  the  actual  months  of  spring  and  summer  is  so 
parched  by  the  excessively  hot  suns,  that  the  country  present  the  same  appearance  as  is  produced 
by  the  effects  of  frost  in  our  more  northern  climates.  The  seeds  seem  to  rest  in  the  earlier 
part  of  the  season,  in  order  to  germinate  and  beautify  the  nutumn  and  winter. 

"  The  Sierra  do  los  Pajaritos"  is  said  to  form  part  of  the  Arizone  mountains,  reported  to  be 
the  richest  in  Mexico.  Many  specimens  of  copper,  gold  and  silver  are  found  on  the  surface,  and 
they  are  no  doubt  rich  in  ore.  The  hills  are  covered  with  live-oak  trees,  and  are  overspread 
with  a  rich  growth  of  grama  giase ;  they  are  capped  by  masses  of  conglomerate  rocks.  Monu- 
ment XVIII,  distant  from  XIX,  a  little  over  three  miles,  is  situated  on  the  same  sierra. 

The  country  here  presents  a  new  aspect.  Powerful  volcanic  irruptions  have  at  some  earlier 
period  of  the  world's  history  produced  great  disturbances  in  this  part  of  the  earth.  8trata  of 
limestone  once  horizontal,  are  now  curved  and  bent  by  the  force  of  this  action,  and  masses  of 
igneous  rocks  have  been  upheaved  through  the  fissures  opened  on  the  surface.  Here  you  find 
granite  rocks,  and  near  them  beds  of  trap  ;  and  not  far  from  both,  limestone  ;  then  again  all 
fused  in  one  conglomeration.  It  was  impossible  to  approach  the  station  nearer  than  three  miles 
with  the  riding  and  pack  mules  ;  the  instruments  had  to  be  transported  by  hand  for  that  distance 
up  a  rugged  hill  covered  with  vesicular  and  scoriaceous  rocks. 

Monument  XVII  is  placed  on  the  "  Sierra  de  Sonora,"  seventeen  miles  from  XVIII.  Three 
days  were  occupied  in  travelling  this  short  distance.  The  trail  for  the  first  two  was  over  almost 
impassable  mountains  ;  massive  rocks  and  steep  precipices  constantly  impeded  the  progress  of 
and  turned  the  party  out  of  its  course,  making  the  route  circuitous  as  well  as  hazardous;  rough 
ascents  were  surmounted,  steep  ravines  followed  down,  and  deep  gullies  passed  ;  the  mules  had 
actually  to  be  dragged  along. 

At  the  end  of  the  second  day  the  party  found  somo  small  springs—' '  Los  Ojos  Escondidos'  '—on 
the  trail  to  Tubutama,  and  encamped  on  them.  On  the  third,  the  trail  was  still  over  high  hills, 
but  not  so  difficult ;  and  somo  springs — ?'  Los  Ojos  de  Oranizo" — a  short  distance  from  the  monu- 
ment, were  reached.  The  animsds  had  become  so  injured  and  lame  by  the  sharp  angular  rocks, 
that  they  had  to  be  taken  into  Aribaca  to  be  reshod,  and  many  of  them  to  be  replaced  by  others. 
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A  few  feet  south  of  the  line  is  a  prominent  peak  of  the  "  Sierra  de  Sonora,"  which  serves  as  a  ^ 
good  natural  object  to  mark  it.   A  league  from  itare  "  Los  Ojos  de  Granizo,"  (Springs  of  Hail ;) 
their  position  is  indicated  by  Monument  XVI,  erected  on  a  hill  two  hundred  metres  to  the  north 
of  them,  as  well  as  by  some  few  willow  and  other  trees.    The  soil  is  very  rich  in  their  neigh- 
borhood ;  the  vegetation  is  profuse,  and  thero  is  an  abundance  of  fine  grama  grass ;  live-oak, 
and  occasionally  cedar,  are  seen  on  the  hills.    Whilst  encamped  here,  heavy  storms  of  wind, 
hail,  and  rain,  were  experienced;  the  valley  where  the  party  lay  was  so  quickly  flooded  as  to 
endanger  all  the  camp  equipage,  as  well  as  instruments  ;  tentsVere  blown  down,  and  many 
articles  carried  away  by  the  hurricane.    Notwithstanding  the  inconvenience  attending  them, 
the  rains  were  welcome,  as  they  refreshed  and  cooled  the  atmosphere,  which  was  oftentimes' 
heated  to  110°  Fahrenheit.    Some  strange  specimens  of  natural  history  were  found  at  this 
place  ;  among  them,  what  is  called  by  the  Mexicans  "  El  Scorpion,"  a  large,  slothful  lizard, 
in  shape  a  miniature  alligator,  marked  with  red,  black,  and  white  belts — a  hideous-looking 
animal.    The  alicanie  and  coraliUa  snakes  were  also  caught,  and  added  to  the  collection  of 
natural  history. 

Leaving  Los  Ojos  de  Granizo,  our  trail  lay  over  a  wide  and  rich  valley,  running  north  and 
south,  and  extending  along  the  east  baso  of  the  "Sierra  Babuquivari."  Crossing  it,  brings 
you  to  the  base  of  "  Sierra  del  Pozo  Verde,"  on  which  is  erected  Monument  XV,  a  little  more 
than  nine  miles  from  XVI.  A  trail  leads  round  its  southern  extremity  to  Agua  del  Pozo  Verde, 
(Green  Well,)  lying  at  the  foot  of  the  western  slope,  a  little  east  of  south,  and  about  two  miles 
distant  from  the  monument.  Permanent  water  is  found  here ;  and,  although  a  large  number 
of  animals  soon  exhaust  it,  still  it  fills  up  in  a  very  few  hours.  This  is  the  site  of  an  old 
rancheria  of  the  Papago  Indians.  Numerous  "metatcs"  for  grinding  corn  are  lying  about. 
The  grave  of  one  of  their  chiefs,  who  had  been  killed  by  the  Apaches,  was  found  near  camp. 
A  thousand  arrows  were  buried  with  him,  placed  there  as  a  token  that  his  death  would  bo 
avenged  by  his  tribe.  The  Indians  respect  these  graves,  and  the  deadly  threats  which  they 
contain,  and  will  not  remove  a  single  arrow  from  the  number,  although  it  is  a  warning  of  hate 
and  hostility. 

The  "  Sierra  del  Pozo  Verde"  is  very  high,  and  overlooks  wide  valleys  east  and  west  of  it. 
It  is  of  granitic  formation,  and  covered  with  a  rich  growth  of  grass,  and  plants  of  various 
kinds.  The  suwarrow  grows  on  it  in  abundance ;  also  the  Fonquiera  and  many  varieties  of 
cacti,  bearing  beautiful  flowers.  The  fruit  of  the  suwarrow  is  delightful ;  it  is  shaped 
like  the  pomegranate,  and  when  opened,  presents  the  same  beautiful  carnation  red  ;  the  seeds 
are  very  small  and  numerous,  and  of  a  black  color  ;  only  the  pulp  and  seeds  arc  eaten.  The 
Pimos  and  Papagos  use  it  for  food ;  also  a  small  white  cactus,  which  just  peeps  above  the 
ground.  Many  antelope  wero  seen  about  this  place.  The  glare  of  our  fires  attracted  a  large 
number  of  rattlesnakes ;  the  whole  place  seemed  infested  with  them.  We  judged  them  to  bo 
a  new  species  from  their  tiger-colored  skins ;  they  were  exceedingly  fierce  and  venomous.  On 
the  deserts  of  the  Colorado  we  had  often  seen  others  with  horns,  or  small  protuberances  above 
the  eyes ;  and  Dr.  Abbott  had  taken  from  the  body  of  still  another  species  quite  a  number  of 
small  ones,  among  which  was  a  monstrosity  with  two  perfectly  formed  heads  attached  to  one 
neck.  When  you  lie  down  on  your  blankets,  stretched  ou  the  ground,  you  know  not  what  strange 
bedfellow  you  may  have  when  you  awake  in  the  morning.  My  servant  insisted  upon  encircling 
my  bed  with  a  reata  of  horse-hair  to  protect  me  from  their  intrusions.  Snakes  are  said  to 
have  a  perfect  repugnance  to  being  pricked  by  the  extremities  of  the  hair.  The  paisano,  or 
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chapparal  cock,  surrounds  his  antagonist,  while  asleep,  with  a  chain  of  cactus  thorns;  when  the 
preparations  are  all  made  the  bird  flutters  over  the  head  of  the  snake  to  arouse  it  to  action  ;  the 
latter,  in  its  vain  eflbrtH  to  escape,  is  irritated  to  such  a  degree,  by  running  against  the  barrier 
encompassing  it,  that  it  ends  its  existence  by  burying  its  fangs  in  its  own  body. 

From  Sierra  del  Pozo  Verde  we  moved  on  to  Monument  XIV,  on  the  "  Sierra  de  la  Union," 
sixteen  miles  and  a  half  from  the  last.  Tho  country  between  the  two  sierras  was,  as  usual,  a 
broad  plain  ;  but  there  is  a  great  contrast  between  the  east  and  west  portions  ;  the  first  seven 
miles  were  exceedingly  rich,  and  covered  with  a  fine  growth  of  mezquitc  grass  and  underbrush, 
but  the  remainder  of  the  distance  was  entirely  hare  of  any  kind  of  vegetation  until  we  reached 
the  base  of  the  mountains,  where  we  found  the  usual  growth  of  palo  verde,  palo  do  ficrro,  cacti, 
&c.  The  bleached  appearance  of  the  soil,  together  with  the  excessive  heat  of  the  sun,  reminded 
us  of  the  Colorado  desert. 

The  sierra  is  of  igncniiB  origin,  with  a  considerable  mixture  of  lime.  Its  western  slope, 
instead  of  having  the  arid  and  desolate  appearance  of  the  eastern  one,  was  fresh  and  green. 
Crossing  it,  we  encamped  at  its  base,  near  "  Los  Ojo3  de  Yestas." 

The  next  mennment,  XIII,  is  placed  at  the  point  of  intersection  of  the  line  and  the  road 
made  by  the  few  wagons  previously  sent  to  Sonoyta,  and  not  far  distant  from  the  "  Papago 
Rancheria  de  Cobota."  It  is  11.8  miles  from  Monument  XIV,  and  stands  in  a  valley,  limited 
by  the  Sierra  de  la  Union  and  the  "  Cerritos  de  los  Linderos."  The  boundary  runs  a  few  feet 
south  of  a  high  peak  of  the  former,  and  between  two  prominent  horns  of  the  latter,  both  posi- 
tions making  good  natural  points  of  reference.  This  valley  resembles  the  last  in  every  respect. 
A  deep  gap  in  the  mountain,  near  the  Cerritos,  affords  a  good  pass,  and  the  trail  then  goes  out 
upon  a  broad  plain,  bounded  on  the  west  by  the  "Sierra  de  la  Nariz,''  (Mountain  of  the  Nose.) 
This  plain  is  nearly  level,  and  covered  with  low  mezquite,  and  a  few  withered  plants;  its  white 
surface,  perfectly  destitute  of  grass  or  of  any  verdure,  gives  it  a  dismal  appearance.  There  ib 
no  water  except  in  charcos,  or  ponds,  filled  by  drainage  after  heavy  rains.  The  same  description 
answers  for  the  country  west  of  the  Sierra  de  la  Nariz,  in  the  prolongation  of  the  line,  until  you 
strike  the  valley  of  Sonoyta.  Monuments  were  erected  along  this  portion  of  the  boundary,  as 
follows : 

No.  XII,  on  the  cast  ridge  of  Sierra  de  la  Nariz  ;  No.  X,  on  the  west  ridge;  and  No.  XI,  on 
the  wagon  road  made  by  our  supply  train,  passing  along  the  narrow  valley  between  the  two  ; 
from  XIII  to  XII  is  27.70  miles ;  XII  to  X,  4.3  miles. 

These  mountains  are  masses  of  black  igneous  Tock,  and  difficult  to  clamber  up.  The  eastern 
elopes  are  gradual,  but  the  western  are  perpendicular  ledges. 

Monument  No.  IX  stands  on  the  Sierra  de  SonoytA,  14.5  miles  from  X,  and  about  one  mile 
and  a  half  north  from  the  town  of  Sonoyta. 

We  found  encamped  near  Sonoyta,  the  small  party  sent  forward  with  provisions.  Their  road 
had  been  a  circuitous  and  a  hard  one.  The  sierras  had  proved  disconnected,  and  running  in 
parallel  ridges  from  northwest  to  southeast,  with  small  valleys  between  them.  Not  being  able 
to  pass  with  wagons  through  the  rough  gaps  frequently  occurring  in  the  mountains,  they 
managed  to  wind  round  the  Itasca,  which  are  short  and  abrupt.  A  westerly  course  was  pre- 
served as  much  as  the  nature  of  the  country  would  permit.  Only  a  few  small  springs  were 
discovered,  and  but  one  large  well,  regularly  walled  in  by  the  Indians  at  Cobota.  Had  it  not 
been  for  the  heavy  showers  which  fell  almost  every  day,  it  would  have  been  impossible  for  the 
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party  to  have  found  sufficient  water  to  supply  their  wants.    At  the  time  we  reached  there,  Mr. 
Jimenez  was  engaged  in  observing  for  latitude  and  longitude  at  Qnitobaquita. 

The  valley  of  Sonoyta  is  not  very  wide,  but  affords  pasturage  for  large  numbers  of  cattle. 
Numerous  springs  course  through  it  for  short  distances,  and  then  sink  into  subterraneous  chan- 
nels. These,  together  with  the  "  Ojos  Escondidos,"  "  Pozo  Verde,"  the  well  at  Cobota,  and  the 
springs  at  Quitobaquita,  furnish  the  only  water  on  the  line  that  can  be  relied  upon  ;  nor  are 
these  always  sure,  as  experience  taught  us.  There  is  no  timber  within  several  miles  of  the 
settlement ;  firewood  has  to  be  brought  on  the  back  of  the  patient  burro. 

The  town  of  Sonoyta  is  the  door  of  the  State  of  Sonora,  from  the  California  side.  It  is  a  resort 
for  smugglers,  and  a  den  for  a  number  of  low,  abandoned  Americans,  who  have  been  compelled 
to  fly  from  justice.  Some  few  Mexican  rancheros  had  their  cattle  in  the  valley  near  by.  It  is 
a  miserable  poverty-stricken  place,  and  contrasts  strangely  with  the  comparative  comfort  of  an 
Indian  village  of  Papagos  within  sight. 

The  Papagos  wander  over  the  country  from  San  Javier  as  far  west  as  the  Tinajos  Altas. 
They  were  at  one  time  a  formidable  tribe,  and  waged  unceasing  war  against  the  Mexicans. 
Having  sustained  repeated  losses,  they  at  length  sought  their  God,  who  is  said  to  dwell  upon 
the  high  peak  of  Babuquivari,  to  ask  his  aid  and  countenance  in  their  last  grand  fight  with  their 
enemies.  They  assembled  their  families  and  herds  of  horses  and  cattle  within  an  amphitheatre 
enclosed  by  the  mountain  ridges,  and  battled  it  manfully  for  many  days  at  its  entrance  ;  but 
their  God  could  not  turn  the  fate  of  war,  aud  they  suffered  an  overpowering  defeat ;  since  that 
time  they  have  been  quiet  and  peaceable. 

We  passed  many  deserted  Papago  ranchcrias  :  they  are  generally  situated  some  distance  from 
water,  as  there  seems  to  he  a  superstition  about  living  near  it ;  the  women,  who  do  all  the 
labor,  have  to  bring  it  in  ollas,  or  earthen  vessels,  a  long  way,  bearing  it  on  their  heads  ;  they 
are  compelled  to  keep  very  large  ones  filled,  which  are  sunk  in  the  ground,  aud  capable  of  holding 
a  great  many  gallons.  This  tribe  is  comparatively  well  off  in  worldly  goods;  they  plant  mid 
grow  corn  and  wheat,  and  possess  cattle,  and  many  fine  horses.  Nature  supplies  them  with 
numerous  useful  plants  which  grow  spontaneously  ;  from  the  suwarrow  (Cereus  Giganteus)  and 
pit  ay  a  they  make  an  excellent  preserve  by  simply  boiling  the  fruit  down  without  sugar,  and 
also  a  candy  of  the  same  material.  They  collect  from  a  low  bush  growing  wild,  seeds  called 
"  Chie,"  which  are  coated  with  a  gummy  substance  ;  placed  in  water  these  become  partly  dis- 
solved, and  make  a  cool  and  refreshing  drink,  a  refreshment  much  needed  in  that  warm  country. 
The  women  are  better  dressed  than  most  Indian  women  ;  they  nil  wear  skirts  of  manta  or  calico, 
covering  the  body  from  the  hips  down.  They  appear  to  be  a  good,  quiet,  and  inoffensive  tribe. 
A  sub-tribe  of  the  Papagos,  called  Areneiios,  live  on  the  salt  lakes  near  the  Gulf  of  California, 
and  principally  subsist  upon  fish. 

North  of  Sonoyta,  and  about  forty  miles  distant,  is  a  rugged  serrated  range  of  mountains  called 
"  Sierra  del  Ajo,"  represented  to  be  rich  in  copper,  gold  and  silver.  A  company  was  engaged 
in  attempts  at  mining,  but,  from  the  scarcity  of  water,  with  little  hopes  of  success.  The  great 
distance  necessary  to  transport  the  ore  on  pack-mules  before  reaching  navigation,  will  render 
their  efforts  futile  and  unprofitable. 

The  section  west  from  Sonoyta  to  the  Colorado  has  already  been  described.  In  August  we  were 
enabled  to  complete  that  portion  of  the  work,  and  although  engaged  upon  it  during  the  wet  season, 
barely  sufficient  water  was  to  be  had  for  our  wants.  The  heat  had  become  so  great  as  to  compel  us 
to  operate  entirely  with  signal-fires  by  night.    Monuments  are  placed  near  Quitobaquita^  Agu* 
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Dulce,  Tule,  and  Tinajas  Altas,  to  mark  the  boundary.  The  line  runs  a  few  feet  south  of  tne 
springs  at  Quitobaquita,  north  of  Agua  Dulce  and  Agua  Salada,  and  south  of  the  Tinajas  del 
Tulc  and  Tinajas  Altaa.  The  sierras  on  which  these  two  last  arc  located  were  troublesome 
to  work  on  ;  their  summits  are  so  peaked  as  to  make  it  difficult  to  find  a  place  sufficiently  large 
upon  which  to  stand  or  place  an  instrument.  Those  who  visited  these  stations  to  determine  them, 
had  to  console  themselves  by  sitting  up  all  night  after  their  work  was  done,  as  there  was  not 
sufficient  space  to  stretch  themselves  out. 

The  big  horn  mountain  goats  frequent  this  region,  and  the  noise  of  their  horns  as  they  butt 
them  together  in  fight  is  often  heard  among  the  rocks. 

Mr.  Schott  has  made  a  large  and  interesting  collection  of  botanical  plants  and  of  natural 
history,  besides  making  careful  examinations  of  the  geology  of  the  country  ;  he  has  also  taken 
the  views  of  the  scenery  along  the  line,  which  accompany  this  report. 

It  was  a  happy  day  that  witnessed  the  termination  of  the  field-work.  On  the  25th  of  August 
both  parties  left  Sonoytn  for  Altar,  and  thence  via  Santa  Anna  to  Magdalena,  in  the  State  of 
Sonora.  The  tracing  and  marking  and  triangulation  of  the  line  having  been  completed,  Mr. 
Jimenez  and  myself  compared  at  this  last  place  the  data  for  fixing  the  respective  distances 
between  stations,  and  the  positions  of  the  prominent  tojiographical  features  of  the  country. 

The  section  marked  "  B,"  (see  Astronomical  and  Geodetical  work,)  shows  the  results  of 
calculations  of  the  latitudes  and  longitudes  of  points  in  the  triangulation  made  to  determine  the 
"azimuth  line  of  twenty  English  miles,''  together  with  tables  showing  the  lengths  of  iron  rods, 
A  and  J.i,  used  for  measuring  the  base  line ;  tables  for  laying  off  the  circumference  of  the  circle 
having  its  centre  at  the  junction  of  the  Gila  and  Colorado,  and  radius  of  twenty  miles  ;  tabula- 
tion of  results  for  the  latitude  of  the  initial  point  on  the  Colorado  ;  astronomical  determinations 
of  positions  on  the  azimuth  line  between  the  Colorado  and  111th  meridian;  and  distances  be- 
tween monuments.  Tabulated  distances  along  the  routes  in  the  neighborhood  of  the  boundary 
line  from  the  Pacific  ocean  to  the  Gulf  of  Mexico  also  accompany  this  report. 

At  Imuris,  a  few  miles  from  Magdalena,  we  found  Lieutenant  Patterson,  encamped  with  the 
escort  and  train,  having  left  Aribaca  in  August,  and  reached  there  viaTubac  and  Los  Nogales. 
When  at  this  lust  -  place,  the  Apaches,  splendidly  mounted  upon  fine  horses,  made  a  descent 
upon  his  animals  and  endeavored  to  stampede  them.  Although  the  Indians,  in  war-dress  and 
uttering  unearthly  yells,  dashed  up  within  fifteen  feet  of  the  mules,  then  in  excellent  condition 
and  well-rested,  still  their  efforts  were  unsuccessful. 

At  Imuris  the  parties  of  both  commissions  separated — the  one  to  return  to  the  city  of  Mexico, 
the  other  to  cross  the  continent  to  the  Gulf  of  Mexico,  and  thence  to  Washington  city. 

I  take  great  pleasure  in  reporting  to  the  commissioner  the  very  agreeable  relations,  both  offi- 
cial and  social,  which  constantly  existed  during  a  difficult  work,  with  those  gentlemen  of  the 
Mexican  commission  with  whom  we  were  so  long  and  iutimately  associated. 

From  Imuris  we  travelled  the  road  up  the  San  Ignacio  river  by  Cocospera,  a  deserted  mission, 
to  the  rancho  dc  San  Lazaro,  where  we  struck  the  main  southern  emigrant  road.  If  space  per- 
mitted, I  should  like  to  dwell  upon  the  rich  valleys  of  the  "Tierra  Caliente"  of  Sonora,  the  towns 
of  Altar,  Santa  Anna,  Magdalena,  Imuris,  San  Ignacio,  and  Cocospera,  through  which  wo  jour- 
neyed on  our  way  home  ;  upon  their  highly  cultivated  fields  of  grain  and  sugar-cane,  irrigated 
by  mites  of  accquias,  and  their  gardens  loaded  with  richly  flavored  fruit  of  the  tropics  as  well  as 
of  the  more  temperate  zones.  At  Magdalena  we  saw  in  the  same  garden,  apples,  peaches,  apri- 
cots, pomegranates,  figs,  grapes,  lemons  and  oranges.    Leaving  San  Lazaro,  we  followed  the 
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road,  via  Santa  Cruz,  Janos,  and  Corralitoe,  to  £1  Paso,  and  thence  took  the  aoothern  roate 
through  Texas  to  San  Antonio  do  Bexar.  From  San  Diego,  on  the  Pacific  ocean,  via  Fort  Yuma, 
Tucson,  Santa  Cruz,  Janos,  El  Paso,  and  San  Antonio,  to  Indianola,  on  the  Gulf  of  Mexico,  meas- 
ured by  viamcter,  the  distance  is  1,727.32  miles.  From  San  Diego,  via  Fort  Yuma,  Sonoyta, 
Altar,  Imuris,  Santa  Cruz,  Janos,  El  Paso,  and  San  Antonio,  to  Indianola,  the  distance  is  1,695.22 
miles.* 

My  party  arrived  at  this  place  November  30,  1855  ;  a  few  days  after,  it  was  discharged,  and 
the  property  belonging  to  the  commission  disposed  of  by  sales.  I  reached  Washington  Janu- 
ary 10,  1856. 

To  the  officers  of  my  escort,  and  to  my  assistants,  I  feel  deeply  indebted  for  their  urbanity  in 
all  my  companionship  with  thcui,  and  for  their  untiring  efforts  in  the  performance  of  their 
duties. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

N.  MICHLER, 
Lieut,  Corps  Top.  Engineers,  U.  S.  Army. 

Major  W.  H.  Emorv,  U.  S.  A., 

U.  S.  Commissioner. 


RECONXOISSANCE  TO  THE  MOUTH  OK  THE  GILA  RIVER,  FROM  SAN  DIEGO,  CALIFORNIA,   SEPTEMBER  11 

TO  DECEMBER  10.  1849  -Bt  C.  C.  1'ajut,  M.  D. 

On  the  11th  September,  1849,  the  astronomical  party  of  the  United  States  boundary  com- 
mission, detailed  by  Major  W.  H.  Emory  for  the  determination  of  the  point  of  junction  of  the 
Gila  and  Colorado  rivers,  left  the  Mission  Sau  Diego,  en  route  across  the  mountains. 

A  more  direct  course  than  that  usually  taken  was  concluded  on,  leading  northeast  by  the 
Rancho  Santa  Monica,  to  intersect  the  road  usually  travelled  at  Santa  Maria. 

Soon  after  leaving  the  mission  grounds,  we  commence  the  ascent  of  the  first  rocky  range, 
leading  by  steep  slopes  to  a  height  of  several  hundred  feet  above  the  river  valley ;  thence, 
passing  over  upland  terraced  plains,  to  descond  a  broken  slope  on  the  opposite  (eastern)  side. 

The  rock  exposures  show  a  form  of  porphyritic  greenstone,  of  close,  compact  texture,  and 
uniform  bluish  color.  As  exposed  in  the  line  of  the  river  course,  which  lies  to  our  left,  it 
exhibits  abrupt  broken  walls,  through  which  the  river  makes  its  way,  forming,  near  its  exit 
from  the  range,  a  distinct  fall  of  ten  or  twelve  feet  in  a  distance  of  two  hundred  yards.  At  this 
point  commences  the  line  of  irrigating  ditch,  which  formerly  supplied  the  cultivated  grounds 
adjoining  the  Mission  of  San  Diego,  distant  two  miles  or  more.  The  only  traces  of  this 
aqueduct  now  remaining  consist  of  broken  patches  of  masonry,  seen  at  several  points  along  the 
right  bank  of  the  stream. 

This  greenstone  range,  having  an  average  width  of  two  to  five  miles,  terminates  on  the  east 
in  an  open  basin  valley,  bounded  on  its  western  aspect  by  granite  rocks,  whose  grey,  mottled 
appearance  shows  a  marked  contrast  to  the  uniform  bluish  aspect  of  the  porphyry  range. 

Our  route  thence,  obHerving  a  general  northeast  course,  passes  diagonally  over  the  wide  basin- 
valley  below,  reaching,  at  a  distance  of  twelve  miles  from  the  mission,  the  Rancho  Santa 
Monica.  This  rancho  occupies  the  left  bank  of  the  upper  San  Diego  river,  attached  to  which  is 
a  very  considerable  section  of  rich  bottom-land,  capable  of  irrigation.  The  higher  lands,  and 
mountain  slopes  adjoining,  furnish  the  requisite  pasture  ground  to  extensive  herds  of  cattle  and  • 

•  The  distance  can  be  »hcrt«ned  au<l  the  ronil  lro|>roved  by  following  the  line  of  Lieutenant  Parke'*  exploration  through 
the  new  territory.  W.  H.  E. 
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horses.  From  this  point,  continuing  a  northeast  course,  the  main  stream  of  the  San  Diego 
river  is  crossed ;  thence  you  pass  up  a  more  northerly  brauch.  On  this  route  we  soon  approach 
an  immense  mountain  wall,  lying  on  our  right,  and  blocking  up  our  way  eastward.  The  ascent 
of  this  was  accomplished  at  a  depressed  point  in  the  general  range,  leading  by  a  rude,  unbroken 
track  along  the  edges  of  a  ravine.  The  general  height  of  the  ridge,  some  eight  hundred  feet 
above  the  valley,  was  at  last  attained  by  doubling  teams,  and  frequent  manual  assistance. 

Our  route  thence  led  along,  and  beyond,  the  line  of  broken  valleys  and  irregular  ridges, 
showing  frequently  depressed  basins,  over  upland  plains,  to  the  Rancho  Santa  Maria.  The 
rock  exposure  was  quite  uniform,  being  composed  of  crystalline  feldspathic  granite,  coarsely 
grained,  or  showing  occasionally  a  close  sienitic  texture.  The  computed  height  of  the  Rancho 
Santa  Maria,  above  the  sea,  is  1,353  feet.  It  occupies  the  western  edge  of  an  extensive  upland 
plain,  from  which  is  distinctly  visible  towards  the  east,  at  a  distance  of  fifteen  to  twenty  miles, 
the  broken  line  of  the  dividing  ridge  of  this  mountain  range. 

On  the  northern  border  of  this  plain  lies  the  lower  course  of  the  Rio  Santa  Isabel,  flowing 
hence  in  an  irregular  western  course,  and  finally  forming  the  San  Diegito  river,  which  empties 
into  the  ocean  some  twenty  miles  above  San  Diego.  The  open  plain  is  destitute  of  timber, 
being  covered  mainly  with  pasture  growth.  The  California  live-oak  (Quercus  agrifolia)  grows 
on  all  the  adjoining  mountain  slopes.  Continuing  along  the  line  of  the  main  road  to  Santa 
Isabel,  being  the  same  followed  by  General  Kearny  in  1846,  the  day  before  the  battle  of  San 
Pasqual,  a  gradually  increasing  elevation  brings  us  in  the  midst  of  the  attractive  mountain 
scenery  of  this  portion  of  California.  We  here  pass  amid  groves  of  live-oak,  verdant  shrubbery, 
and  rich  pasturage,  set  off  in  the  back-ground  by  high  rocky  cliffs,  or  disclosing,  in  the 
distance,  pine-fringed  heights,  distinctly  marked  against  the  clear  sky.  At  Santa  Isabel*  we 
encounter  a  clear  running  stream,  coursing  through  an  open  valley,  surrounded  by  lofty  mount- 
ains ;  those  directly  to  the  east  form  the  dividing  crest  of  the  range. 

From  this  point  there  is  a  "  cut-off"  leading  by  a  direct  east  course,  over  the  mountain  ridge, 
which  rejoins  the  wagon  road  at  San  Felipe.  To  this  route,  being  least  known,  we  shall  confine 
our  remarks.  Passing  then  directly  up  the  main  course  of  the  Rio  Santa  Isabel,  we  follow  a 
plain  bridle-path,  which,  passing  by  frequent  ascents,  at  first  steep  and  broken,  amid  rocky  ex- 
posures of  granite,  soon  expands  into  quite  an  open  valley.  This  valley  is  bounded  on  either 
side  by  steep  mountains,  along  the  sides  of  which,  as  we  proceed  upwards,  pines  make  their 
appearance.  Our  trail,  crossing  from  one  side  to  another  of  the  lively  brook  dignified  with 
tho  title  of  the  Rio  Santa  Isabel,  brings  us  into  the  main  road,  about  six  miles  above  the  settle- 
ments, and  near  the  dividing  crest  of  the  main  ridge.  Just  below  this  is  situated  the  rancho 
of  a  Mr.  Williams.  The  country  here  has  a  fresh  mountain  look ;  the  air  is  cool  and  bracing. 
The  rock  exposures  at  this  point  show  a  form  of  quartz  granite,  frequently  imbedding  crys- 
tals of  tourmaline. 

The  view  from  the  higher  peaks  in  this  vicinity,  reaching  probably  a  height  of  5,000  feet  or 
more  above  the  sea,  is  strikingly  grand.  We  here  overlook,  to  the  westward,  the  broken  mount- 
ain ranges  stretching  in  a  dim  line  seaward  ;  to  the  east  the  descent  is  more  abrupt,  and  the 
view  shows  the  bare  outliue  of  the  desert  mountains,  projecting  in  irregular  spurs  into  the  desert 
plain,  or  standing  as  isolated  ridges  iu  the  dull  brown  expanse  below. 

The  descent  from  the  ridge  to  the  east  is  by  abrupt  pitches  along  the  sides  of  u  steep  ravine, 
opening  out  below  into  a  dry  waterless  valley  ;  this  valley,  thence  expanding,  forms  the  open 
plain  of  San  Felipe,  surrounded  by  dull  ashy-colored  mountains. 
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The  distance,  by  this  pass,  from  Santa  Isabel  to  San  Felipe,  is  twelve  miles,  while  the  wagon 
roa<l  between  these  two  points  is  twenty-five  miles,  or  more,  in  length. 

The  geological  formation  exhibited  along  the  eastern  slope  of  the  mountain  range  at  this  point 
shows  a  very  sensible  change,  and  in  place  of  the  usual  forms  of  feldspathic  or  quartz  granite  we 
meet  with  a  more  prevalent  character  of  micaceous  granite,  in  which  the  scales  of  mica  are  fre- 
quently of  large  size,  and  very  confusedly  intermixed.  With  this  also  occur  mica  and  talcose 
slates,  traversed  by  quartz  veins.  At  this  point,  then,  wo  have  an  approach  to  the  gold  forma- 
tion, and  in  the  section  of  country  thus  limited,  exist  the  fairest  prospects  of  mineral  discoveries. 

The  country  thus  characterized  is,  however,  barren  and  desolate  iu  the  extreme ;  water  is 
scarce,  and  pasturage  of  the  poorest  description.  Thorny  cacti  and  arid  shrubbery  usurp  the 
soil,  not  only  of  the  mountain  clefts,  but  also  of  the  open  valleys.  At  this  point,  indeed,  we  may 
say,  the  desert  proper  commences";  for  it  is  here  we  have  the  first  appearance  of  the  desert  plants 
Larrea  Mexicana  and  Fouquicra  Splendent. 

On  leaving  the  last  rocky  exposures  to  enter  on  the  open  desert  plain,  we  pass  some  distance 
down  the  bed  of  Cariso  creek  ;  along  the  course  of  which  are  exposed  the  high  bluffs  of  sand, 
marl,  and  clay,  exhibiting  a  fine  sectional  view  of  the  tertiary  formation  on  which  the  desert 
plateau  is  based.  At  the  point  where  tho  road  leaves  the  bed  of  the  creek,  to  mount  to  the 
desert  table-land,  some  150  feet  above,  fossil  marine  shells  of  Ostrea  are  found,  and  gypsum 
makes  its  appearance  in  extensive  beds.  Tho  upper  layer  of  the  table-land  shows  a  variable 
thickness,  composed  of  water-worn  pebbles,  derived  from  tho  adjoining  mountains.  Near  the 
mountain  base,  this  plateau  has  a  height  of  about  500  feet  above  the  level  of  the  Colorado  river. 
The  surface  extends  in  a  gentle  slope  towards  the  Colorado,  or  eastward,  about  the  distance  of 
twenty-five  miles,  where  it  reaches  its  lowest  depression  at  the  Lagoon  or  "  New  river"  basin, 
which  is  in  fact  a  part  of  the  extended  alluvial  tracts  belonging  to  the  Colorado  river. 

The  proof  of  this  latter  fact  is  seen  in  the  barometric  observations,  showing  a  depression  at 
this  point,  below  the  level  of  the  Colorado  river  in  high  water,  and  also  by  tracing  a  direct 
connexion  between  the  overflow  of  this  latter  stream  and  the  appearance  of  water  at  New  river. 
The  numerous  depressions  found  along  the  course  of  this  alluvial  tract  have,  moreover,  all  tho 
character  of  tho  sedimentary  soil  of  the  Colorado  bottoms,  supporting,  though  more  sparsely, 
the  same  character  of  vegetation,  and  showing,  frequently,  fluviatic  shells,  identical  with  those 
now  found  at  lagoons  and  sloughs  adjoining  the  river. 

This  "  Now  river"  tract  also  receives  the  drainage  of  a  large  scope  of  desert  country,  which 
is  sometimes  visited  by  heavy  showers  of  rain.  It  retains  this  rain-water,  and  river  overflows, 
for  several  months  ;  when  both  these  sources  fail,  it  becomes  a  perfectly  dry  bed,  or  contracts 
into  quaggy  saline  marshes. 

When  we  stopped  here,  in  the  latter  part  of  September,  copious  local  rains  had  filled  these 
lake  reservoirs,  which,  with  previous  extensive  river  overflows,  had  enriched  the  soil  and  caused 
a  rank  growth  of  annual  grama  grass.  This  afforded  a  fine  grazing  camp  for  our  animals  for 
two  months. 

Directly  south  from  our  camp  at  this  place,  and  about  eight  miles  distant,  lies  a  high  mount- 
ain range,  having  a  direction  nearly  east  and  west.  To  the  western  and  most  prominent  point 
of  this  range  the  name  of  "  Signal  Mountain"  was  given.  This  range  is  made  up  of  a  form  of 
sienitic  rock,  associated  with  recent  lava.  Its  surface  is  bare,  and  presents  a  forbidding  outline 
of  dark  weathered  rock,  variously  marked  by  furrows,  and  shows  an  irregular  crest,  gradually 
sloping  towards  the  east. 
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Colorado  river  leaves  this  depressed  alluvial  tract  to  tho  south,  and 
rd,  gravelly  surfaco  of  tho  desert  table-land  till  we  come  upon  the 
the  main  river.  These  bottom-grounds  are  everywhere  bounded  by 
a  distinct  line  of  the  desert  table-land,  which  forms  bluffs 
of  greater  or  less  height.  The  character  of  these  bluffs 
is  often  obscured  by  drifting  sand,  which  is  constantly 
encroaching  on  the  lower  tracts. 

This  upper  bottom-land  is  densely  wooded  with  mez- 
quite,  which  here  finds  its  most  congenial  soil,  and 
spreads  its  thorny  branches  on  all  sides,  forming  im- 
penetrable thickets.  To  this  higher  level  succeeds  a 
lower  surface  of  moist  soil,  supporting  cotton-wood  and 
willow,  both  of  which  extend  to  the  immediate  edges 
of  the  stream. 

In  passing  up  the  river  on  its  right  bank  to  the  junc- 
tion of  the  Gila,  we  encounter  a  rocky  ridge  abutting 
directly  on  the  river  bank  ;  thence  rising  inland  into 
high  rugged  peaks,  it  forms  the  "Pilot  Knob"  range. 
The  character  of  the  rock,  as  exposed  on  the  river  bank, 
is  ffnei/m,  having  a  distinct  laminated  structure.  This 
g      character  gradually  passes  into  a  form  of  sienite,  com- 
|      posing  the  principal  mass  of  the  adjoining  mountain 
I  ridge. 

The  immediate  junction  of  the  Gila  and  Colorado 
rivers  is  marked  by  a  formation  different  from  any  else- 
where noticed.  It  consists  of  rounded  knolls,  which  rise 
from  fifty  to  one  hundred  and  fifty  feet  above  the  river 
level,  and  aro  strewn  over  with  the  erratic  depositee 
belonging  to  the  desert  formation.  Its  internal  struc- 
ture is  thus  in  a  great  measure  concealed.  In  the  cleft 
made  by  the  passage  of  the  Colorado,  just  below  the 
junction,  the  central  nucleus  is  brought  to  view,  and  ex- 
hibits a  form  of  epidote  rock,  occurring  as  an  irregular 
breccia,  and  showing  evidence  of  internal  disturbance 
below. 

The  Colorado  river,  below  the  junction,  is  barely  five 
hundred  feet  across.  The  Gila,  near  its  mouth,  is  one 
hundred  and  fifty  feet  wide.  The  depth  of  channel  in  each 
is  very  variable. 

Tho  alluvial  delta  lying  north  of  the  junction  of  these 
two  rivers  is  considerably  below  high-water  mark.  It 
thus  furnishes  soil  suitable  for  cultivation,  and  is  occu- 
pied as  such  by  the  Yumas  Indians.  Some  two  miles 
above  the  junction,  on  the  right  bank  of  the  Colorado, 
arc  marks  of  an  old  river  bed,  which,  in  tho  time  of 
floods,  is  filled  with  an  obstructed  body  of  water,  forming 
frequent  sloughs  and  lagoons  along  its  course.  The 
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ground  thus  irrigated  is  occupied  by  another  branch  of  the  Yumas  tribe  for  cultivation  ;  the 
chief  productions  being  maize,  beans,  pumpkins,  and  melons. 

At  the  time  of  our  arrival,  in  the  month  of  October,  it  was  the  harvest  season .  The  river  over- 
flows usually  occur  in  the  month  of  July.    During  the  early  part  of  the  month  of  October  the 

weather  was  oppressively  sultry ;  the  thermometer  at 
mid-day  frequently  rising  to  100°  in  the  shade.  Tho 
sky  was  remarkably  clear,  and  the  atmosphere  extremely 
dry.  During  the  month  of  November  the  air  became 
sensibly  cooler,  especially  at  night ;  the  thermometer 
sinking  below  50°  Fahrenheit.  Heavy  dews  and  fog  at 
times,  with  cloudy  weather  and  occasional  showers,  ren- 
dered the  atmosphere  more  moist.  Strong  winds  were 
frequent  from  the  north,  raising  immense  clouds  of  dust 
along  the  course  of  the  river. 

The  water  in  the  river  channel  varied  but  little  during 
our  stay,  occasionally  rising  several  inches,  in  conse- 
quence of  heavy  rains,  and  again  sinking  to  the  ordinary 
low-water  level.  Along  the  Bides  of  the  canon,  through 
which  the  river  passes,  below  the  junction  of  tho  Gila, 
there  is  plainly  seen  a  line  of  high-water  mark,  showing 
an  elevation  of  twelve  feet  or  more  above  the  usual  level. 

The  character  of  the  soil  adjoining  the  river  banks, 
derived  from  the  sediment  of  river  overflows  and  the 
light  material  borne  by  winds  from  the  adjoining  desert 
plateaux,  causes  along  the  bed  of  the  stream  the  frequent 
formation  of  shifting  saud-bars.  These  are  perpetually 
changing  with  the  variable  river  current.  The  process 
of  deposition  and  removal  is  thus  continually  going  on, 
rendering  the  river  bed  exceedingly  variable  and  un- 
equal in  its  depth  and  permanence. 

Tho  view  of  the  adjoining  country  from  any  high  ele- 
vation discloses  a  scene  of  unqualified  barrenness  and 
bleak  sterility.  The  horizon  is  everywhere  bounded  by 
tho  bare  outline  of  distant  mountains,  forming  jagged 
and  serrated  ridges,  or  rising  into  various-shaped  domes 
and  chimney  peaks.  Intermediate,  stretches  the  broad 
and  desolate  table-land,  with  its  dead-brown  aspect ; 
while  the  more  attractive  river  bottoms  are  seen  clothed 
with  a  straggling  growth  of  meequite,  or  reflecting  from 
turbid  waters  the  overhanging  willow  and  the  lofty 
cotton-wood. 

On  the  1st  of  December,  having  completed  our  obser- 
vations, we  struck  camp  for  our  return  to  San  Diego. 
Tho  frequent  rains  of  the  previous  month  caused  an 
abundance  of  water  at  convenient  points  along  our  road. 
In  the  bottoms  of  Now  river  our  teams  wore  compelled  to 
drag  over  muddy  tracks.    The  opportune  supply  of  de- 
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aert  grama  grass,  which  made  this  locality  the  recruiting  station  for  our  animals  during  our 
stay  on  the  Colorado,  was  now  entirely  exhausted. 

Leaving  the  wagon  trains  to  follow  out  the  ordinary  road  across  the  mountains,  our 
advance  party,  under  Lieutenant  Coutts,  left  the  wagon  route  at  Cariso  creek,  to  mount  the 
height  of  the  range,  hy  a  direct  ascent,  to  the  west.  Following  out  at  first  a  gradual  slope  by 
which  we  advanced  towards  a  re-entering  angle  in  the  steep  rocky  range,  we  accomplished  with 
case  nearly  half  the  height  of  the  mountain  ridge.  The  rest  of  the  ascent  was  literally  climbing 
up  steep  rocky  slopes,  or  winding  along  rude  ravines  ;  the  height  was  finally  gained,  and  was 
some  2,500  feet  above  the  desert  plain  below.  Thence  our  route  led  by  a  gentle  slope  towards 
the  west,  passing  along  beautifully  shaded  valleys,  watered  by  clear  flowing  streams,  and  brought 
us  to  the  coast  near  the  initial  point  of  boundary  on  the  Pacific. 


In  1846,  I  made  a  report  of  a  rapid  rcconnoissancc  of  the  country  here  described  by  Dr. 
Parry.  I  preferred  giving  this  description,  taken  from  a  different  point  of  view,  to  reproducing 
ray  own  sketch. 

Dr.  Parry  accompanied  me  under  the  first  organization  as  physician  to  the  boundary  com- 
mission, and  also  undertook  the  duties  of  zoologist  and  botanist.  In  the  summer  of  1854, 
when  the  second  commission  was  organized  under  the  new  treaty  with  Mexico,  the  same  position 
was  offered  him,  but  was  declined.  The  appointment  was  then  conferred  on  Dr.  C.  B.  R.  Ken- 
nedy. 

In  the  list  of  officers  of  the  expedition,  (given  on  page  24,)  the  name  of  Dr.  Kennerly  is 
inadvertently  omitted. 

I  cannot  conclude  the  account  of  this  part  of  the  country,  relating  to  the  boundary,  without 
some  reference  to  a  sad  affair  which  occurred  at  the  crossing  of  the  Colorado,  while  the  parties 
under  my  orders  were  engaged  at  that  point,  and  which,  at  the  time,  excited  much  interest  in 
the  army  and  elsewhere.  I  refer  to  the  death  of  the  bravo  and  accomplished  Captain  Thorn,  of 
the  army. 

In  the  fall  of  1849,  Captain  Thorn  was  detailed  to  escort,  with  his  command,  from  the 
frontier  of  Missouri  to  California,  the  collector  of  the  port  of  San  Francisco.  As  may  be 
supposed,  the  march  was  full  of  difficulties.  When  between  Santa  Fe  and  the  Gila,  the  party 
was  attacked  by  a  force  of  Indians,  which  was  gallantly  repulsed  by  Captain  Thorn  and  his 
command. 

Arrived  at  the  Colorado,  most  of  the  party  fagged  out  and  dispirited,  Captain  Thorn  was 
obliged  to  use  extraordinary  exertion  in  crossing  it.  There  was  but  one  boat ;  and  with  that 
zeal  and  hardihood  which  characterized  this  officer  in  the  discharge  of  all  his  duties,  ho 
stripped  off  his  uniform,  and  took  the  personal  direction  of  the  boat.  After  having  crossed  and 
recrosscd  repeatedly,  in  ferrying  over  his  command,  and  the  party  he  escorted,  the  boat  sank. 
The  captain,  although  a  good  swimmer,  became  entangled  with  a  Mexican  who  was  in  the  boat, 
probably  in  the  chivalrous  attempt  to  save  him,  went  dowu,  and  was  swept  away  by  the  current. 

I  was  at  the  time  in  my  camp,  distant  one  hundred  and  fifty  miles,  where  a  soldier 
came  in  and  reported  the  circumstance,  stating  that  the  body  had  not  been  found  when  he 
left.    I  immediately  despatched  an  Indian  runner  to  Lieutenant  Coutts,  who  commanded  a 
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company  of  dragoons  engaged  in  escorting  a  surveying  party  of  the  boundary  commission,  to 
turn  out  his  whole  force,  and  search  the  river  to  its  mouth  for  the  recovery  of  the  captain's  body. 
He  succeeded  in  obtaining  it  some  miles  below  the  crossing,  where  it  was  found  by  the  Indians, 
and  had  it  carefully  placed  in  a  coffiin,  with  the  intention  of  bringing  it  to  my  camp  ;  but  in 
passing  through  San  Diego,  the  officers  of  the  2d  infantry,  to  which  regiment  Captain  Thorn 
then  belonged,  who  were  stationed  there,  claimed  the  body,  and  took  possession  of  it. 

Previous  to  setting  out  on  th*  exj>edition  to  California,  I  applied  to  have  Captain  Thorn 
assigned  to  duty  with  my  command.  This  and  other  considerations  made  me  desirous  of  recov- 
ering his  body  and  sending  it  to  his  friends ;  but  I  could  interpose  no  claim  over  that  of  the 
officers  of  his  own  regiment.  I  close  this  brief  account  of  the  circumstances  attending  the 
loss  of  a  valued  friend  and  bravo  brother  officer  by  giving  the  letter  of  Lieutenant  Coutts,  which 
accompanied  his  remains : 

Camp  Calhoun,  California,  November  11,  1849. 
Majok  :  I  have  succeeded  in  making  a  box  that  will  probably  carry  the  remains  of  the 
lamented  Captain  Thorn  to  San  Diego.  In  the  absence  of  all  material  and  conveniences  for 
effecting  this  desired  object  properly,  my  carpenters  have  done  better  than  I  expected  of  them. 
I  send  the  whole  under  the  charge  of  Mr.  Wiatt,  a  citizen,  with  one  of  my  teamsters  and  a 
dragoon.    They  will  procure  a  fresh  team  at  Salvation  camp,  and  should  reach  San  Diego  by 

the  23d  instant.    It  will  not,  of  course,  be  necessary  for  the  teamster  and  dragoon  to  return. 
*»»»****♦** 
I  have  the  honor  to  be,  your  obedient  servant, 

CAVE  J.  COUTTS, 
L  eulenant  1st  Dragoons,  commanding  Escort. 

Maj.  W.  H.  Emory, 

Commanding  Escort  to  Boundary  Commission,  Camp  Riley,  California. 


Tattdated  distances  of  routes  along  and  in  the  neighlmrhood  of  the  boundary  line  beticeenthe  United 
Slates  and  Mexico,  from  the  Pacific  ocean  to  the  Gulf  of  Mexico,  measured  by  viameters,  by 
Lieut.  N.  Michler,  Lieut.  Parke,  and  Assistant  Chandler. 
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ASTRONOMICAL  AND  GEODETIC  WORK. 


PREFACE. 


I.  Classes  of  Observations. 


The  observations  for  the  determination  of  the  latitude  and  longitude  were  of  two  classes — the 
first  being  those  which  were  made  at  primary  stations  with  the  largest  instruments  that  could 
be  conveniently  transported  by  land  ;  the  second,  those  made  at  places  of  less  importance,  deter- 
mined by  reflecting  instruments,  and  by  the  transmission  of  chronometers  from  the  nearest 
primary  stations,  or  by  flashes  of  gunpowder,  observed  simultaneously.  Eighteen  stations  of 
tho  first  class  were  established  across  the  continent  at  the  following  places,  named  in  their  order, 
from  west  to  east : 

1.  Camp  Riley,  near  initial  point,  on  tho  Pacific  coast;  2.  Junction  of  the  Gila  and  Colo- 
rado ;  3.  On  the  Colorado,  where  the  line  leaves  that  river  ;  1.  Quitobaquita  ;  5.  Los  Nogalca, 
near  111th  meridian  of  longitude ;  6:  San  Bernardino,  near  parallel  31°  207 ;  7.  San  Luis 
springs,  near  parallel  31°  20';  8.  Agua  del  Perro  ;  9.  Espia;  10.  Carrizalillo,  near  parallel 
31°  47';  11.  Frontera;  12.  San  Elceario  ;  13.  Initial  point  of  boundary  on  parallel  31°  47' ; 
14.  Canon  where  the  San  Antonio  road  leaves  the  Rio  Bravo  ;  15.  Presidio  del  Norte  ;  16.  Eagle 
Pass,  (Fort  Duncan  ;)  17.  Ringgold  Barracks  ;  18.  Mouth  of  Rio  Bravo. 

I  do  not  enumerate  the  very  many  points  of  lesser  importance  determined  by  the  sextant  and 
chronometer,  as  no  special  notice  is  required  of  the  means  used  in  their  determination.  It  may 
be  as  well  to  state,  however,  that  in  all  cases  where  observations  were  made  for  latitude  with 
reflecting  instruments,  stars  were  taken,  both  north  and  south,  and  at  altitudes  as  nearly  equal 
as  could  be  obtained  ;  and  when  local  time  was  obtained  by  these  instruments,  stars  were  taken 
both  east  and  west,  of  nearly  equal  altitudes,  and  as  near  the  prime  vertical  as  they  could  be 
found.  In  this  way  we  attempted  to  avoid  the  errors  arising  from  refraction  and  from  the 
eccentricity  of  the  instrument. 

In  some  cases,  where  I  had  direct  comparisons  with  results  obtained  by  the  large  instrument, 
I  ascertained  that  the  latitude  of  a  place  determined  by  the  Gambey  sextant  in  the  proper  hands, 
in  a  single  night,  might  be  relied  upon  to  within  3"  or  5":  and  if  the  observation  was  repeated 
for  two  nights,  the  result  might  be  relied  upon  to  be  within  2"  of  tho  true  position. 


The  longitudes  of  1,  2,  4,  5,  10,  11,  12,  15,  1C,  17,  18,  were  obtained  by  observations  on 
the  transit  of  the  moon  and  moon  culminating  stars,  with  a  telescope  of  forty-six  inches'  focal 
length,  by  Troughton  &  Simms,  of  London,  and  with  a  smaller  one  of  thirty-six  inches'  focal 
length.  Occultations  were  observed,  whenever  practicable;  but,  owing  to  the  impossibility 
of  obtaining  corresponding  observations,  they  proved  of  little  value;  indeed,  but  few  were 
observable.  Occultations  are  no  doubt  of  the  greatest  value  where  corresponding  observations 
at  some  established  point  are  observed  ;  but  for  the  general  purposes  of  a  survey,  conducted  in 
distant  regions,  they  arc  not  a  sure  reliance.  They  occur  too  seldom  ;  and  to  see  the  instant  of 
immersion  and  emersion  of  a  star  requires  great  steadiness  in  the  telescope,  which  in  the  field 
can  be  rarely  obtained,  owing  to  the  difficulty  of  protecting  the  telescope  from  the  wind,  and  of 
getting  a  firm  support. 


II.  Longitude. 


LONGITUDE. 
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After  giving  what  I  considered  a  fair  trial  in  the  field  to  all  the  methods  now  known,  it  was 
concluded  to  place  the  chief  reliance  on  the  transit  of  the  moon.  If,  however,  it  happens  to 
me  to  be  again  in  charge  ot  extensive  operationn  of  the  kind,  I  shall  make  some  effort  to 
improve  the  instruments  for  the  observation  of  lunar  distances.  1  am  satisfied  it  is  in  that 
direction  itinerant  observers  must  look  for  improved  methods  and  facilities  in  obtaining  longi- 
tude. 

When  the  reflecting  instruments  arc  made  so  as  to  be  placed  more  firmly  and  quickly  in 
any  given  plane,  and  the  methods  of  computing  lunar  distances  are  improved  and  simplified, 
it  will  be  in  the  power  of  the  observer  any  clear  night,  when  the  moon  is  above  the  horizon,  to 
multiply  his  observations  so  as  to  obtain  close  results.  The  instruments  in  present  use  have  not 
sufficient  power  to  observe  near  contacts  of  the  moon  and  stars ;  and  in  the  attempts  which 
have  been  made  to  increase  the  power  of  the  telescope,  the  instrument  becomes  insupportable 
by  the  hand  for  repeated  or  nice  observations. 

In  all  cases  where  it  was  not  necessary  to  declare  the  result  on  the  spot,  ns  at  those  stations 
at  the  extremities  of  azimuth  lines,  and  at  stations  such  as  the  111th  meridian  of  longitude, 
which  formed  turning-points  in  the  bonndary,  the  longitude  was  deduced  from  corresponding 
observations  made  at  Greenwich.  In  some  few  cases  we  obtained  corresponding  observations  at 
the  American  observatories ;  but  the  observations  were  not  sufficiently  continuous  at  any  of 
these  last-named  observatories  to  enable  us  to  rely  upon  them.  And  I  have  here  to  repeat  (what 
I  have  heretofore  expressed  to  the  American  Association  for  the  Advancement  of  Science)  my 
obligations  to  Astronomer  Royal  Airy  for  the  trouble  he  has  taken  to  furnish  the  corresponding 
observations  in  MSS.  before  they  were  published  at  Greenwich. 

In  the  personal  account,  mention  is  made  of  the  agreement  made  with  the  Mexican  commis- 
sioner to  declare  the  111th  meridian,  from  computations  based  on  the  data  afforded  by  the 
Greenwich  Epheraeris,*  before  receiving  the  corresponding  observations.  This  arrangement 
was  a  necessity  arising  from  our  isolated  position  near  the  centre  of  the  continent,  cut  off 
from  all  intercourse  except  by  expresses  protected  by  armed  escorts.  To  have  awaited  the 
reception  of  the'  corresponding  observations  would  have  detained  us  fully  eighteen  months, 
at  great  expense — a  result  not  contemplated  by  either  the  United  States  or  Mexican  governments, 
and  not  contemplated  by  the  treaty,  which  provided  agaiust  any  possible  errors  in  the  location 
of  th«  line  by  declaring,  "  that  lino  shall  alone  be  established  upon  which  the  commissioners 
may  fix;  their  consent  in  this  particular  being  considered  decisive  and  an  integral  part  of  this 
treaty,  without  necessity  of  ulterior  ratification  or  approval,  and  without  room  for  interpreta- 
tion of  any  kind  by  either  of  the  parties  contracting." 

The  observations  at  1,  11,  13,  14,  15,  17,  were  made  by  myself  in  person ;  those  at  2,  by 
Lieutenant  Whipple;  at  4,  by  Senor  Jimenez,  first  engineer  Mexican  boundary  commission;  at 
5,  10,  and  16,  by  Assistant  John  H.  Clark  ;  at  18,  by  Assistants  Gardner  and  Clark  ;  and  at  12, 
by  Lieutenant  W.  F.  Smith.  At  most  of  the  stations  the  observations  were  carried  through  at 
least  three  lunations ;  but,  it  will  be  seen,  the  result  was  not  changed  materially  after  the 
first  lunation. 

The  longitude  of  the  point  where  the  boundary  leaves  the  Rio  Bravo  was  transferred  from 
Frontera  by  triangulation  ;  and  the  longitude  of  £1  Paso  and  of  No.  14  (the  cafion)  were  respect- 
ively transferred  from  Frontera  and  San  Elceario  by  flashes  of  gunpowder  simultaneously 


°  Whcu  tlii*  agreement  wa*  made,  no  copy  of  (he  American  Ephemerii  bad  been  received,  nor  wai  I  aware  it  had  been 
pnblUhed 
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observed.  It  was  ray  desire  to  extend  this  beautiful  and  accurate  mode  of  obtaining  differences 
of  longitude  to  many  other  stations  ;  but  in  a  country  without  settlements,  and  traversed  by 
bands  of  savages  who  kill  at  sight,  it  was  impossible  to  do  so,  as  every  party  that  went  out  had 
to  be  escorted  by  ten  or  fifteen  armed  men. 

Where  neither  of  the  above  means  could  bo  resorted  to,  longitude  was  obtained  by  transmis- 
sion of  chronometers  from  some  established  point.  This  method,  so  successful  at  sea,  where 
the  motion  is  uniform  and  smooth,  has  objections  on  land,  principally  the  impossibility  of 
moving  chronometers  without  deranging  the  rate.  Every  method  of  transporting  them  was 
tried — on  carriages,  on  foot,  and  on  horseback  ;  and  an  ordinary  spring-carriage  was  found  to 
be  the  best.  No  test  can  be  applied  to  check  an  error  in  determining  longitude  by  the  trans- 
mission of  chronometers  ;  for  even  with  three  chronometers  it  is  possible  for  all  to  be  affected 
in  the  same  way,  though  of  course  not  in  the  same  degree — that  is  to  say,  all  may  run,  while 
travelling,  too  fast  or  too  slow  ;  and  when  you  halt,  may  resume  their  former  rates. 

The  observations  at  the  two  stations  11  and  12 — Frontera  and  San  Elceario — being  about  the 
centre  of  the  continent,  and  in  a  geographical  point  of  view  more  important  than  any  others, 
were  combined  to  arrive  at  the  results  given. 

The  longitude  of  Frontera  from  moon  culminations,  extending  through  four 
lunations,  computed  from  the  predicted  place  of  the  moon  and  moon  cul- 
minating stars,  given  in  the  Greenwich  Ephemeris  for  1851-'52   =  7'  05"55\3 

The  same,  after  applying  the  correction  due  for  corresponding  observations 
made  at  Greenwich  and  furnished  in  MSS.  from  the  Observatory  at  that 
place,  is — 

For  the  1st  lunation,  December  and  January,  1851-52   7  06  11.38 

2d      "       January  and  February,  1852   13.34 

3d      "       February  aad  March,      "    14.73 

4th     "       March  and  April,  «    12.48 

Mean   7  06  12.98 

Difference  due  to  correction   +  17.68 

The  longitude  of  San  Elceario  deduced  from  observations  on  forty  moon  cul- 
minations, extending  through  three  lunations,  computed  from  the  predicted 
place  of  the  moon  and  moon  culminating  stars,  given  in  the  Greenwich 

Ephemeris  for  1852   7*  04"  46\55 

The  same,  after  applying  the  correction  due  for  corresponding  observations 
made  at  Greenwich,  is — 

For  the  1st  lunation,  January  and  February,  1852   7  05  02.52 

2d      "       February  and  March,      "    04.31 

3d      "       April,  «    03.44 

Mean   7  05  03.42 

By  combining  these  observations  with  corresponding  ones  at  Cambridge, 

Mass.,  wo  get   7  05  04.3 

Difference  due  to  correction   +  17.75 


Digitized  by  Google 


LONGITUDE  OF  EL  PASO,  FBONTERA,  AND  SAN  ELCEARIO. 


141 


The  coincidence  between  these  differences  is  satisfactory.  The  computations  were  made  by 
independent  computers:  the  first,  by  Assistant  J.  H.  Clark;  the  second,  by  Assistant  J. 
O'Donoghue.  The  obserrations  for  the  first  were  made  by  myself;  those  at  San  Elceario  by 
Lieutenant  W.  F.  Smith. 

To  give  greater  effect  to  the  results,  and  to  establish  beyond  the  probability  of  future  change 
the  longitude  of  Frontera — which  is  about  the  longitude  of  the  middle  of  tho  continent,  and  is 
a  primary  station  on  the  surrey  of  the  boundary— an  attempt  was  made  to  connect  the  obser- 
vatory of  San  Elceario  with  that  of  Frontera  by  flashes  of  gunpowder,  and  the  following  is  the 
result.  It  should  be  observed  that  the  Frontera  here  mentioned  is  not  the  Frontera  of  the  old 
maps  of  North  America.  Frontera  signifies  a  frontier  town,  but  in  this  instance  is  the  name 
given  by  its  proprietor  to  a  newly-construct«d  hut,  built  immediately  on  the  ratification  of  the 
treaty  of  Guadalupe  Hidalgo,  at  a  point  some  eight  miles  above  El  Paso,  where  it  was  sup- 
posed the  boundary  under  that  treaty  would  leave  the  Rio  Bravo.  The  difference  of  longitude 
between  Frontera  and  San  Elceario,  observed  by  flashes  on  the  nights  of  the  14th,  18th,  19th 
February,  and  14th  March,  1852,  was  found  to  be  as  follows : 


Dato. 

So.  of  ol»(rY»t'iw 
each  night. 

WIT.  of  long.,  KIFaao, 
east  of  Frontera. 

Mo.  of  otaerrat'n» 
each  night. 

Dlff.  of  long..  San  Elce- 
ario, east  of  Krontera. 

1852. 

February  14  ...................... 

18  

14 

15 

t. 
16.03 
16. 06 

IS 
15 

m.  t. 
1  7.16 
1    7. 54 

19  

12 

15.84 

15 

1  7.36 

12 

15.84 

14 

1  7.15 

Mean  of  53  observations  =  15. 94 

Mean  of  57  obien 

&tions~l    7.  SO 

The  difference  of  longitude  by  observations  on  the  moon  and  moon  culminating  stars  is  1" 
08'. 58,  which  agrees  with  that  determined  by  flashes  within  1\3.  Now,  assuming  the  difference 
determined  by  flashes  as  correct,  and  giving  equal  weight  to  the  observations  at  each  station, 
the  longitude  of  Frontera  will  be  diminished  by  0'.65,  and  that  of  San  Elceario  will  be  increased 
by  the  same  quantity ;  bo  that  the  final  result  will  be  : 


Frontera,  west  of  Greenwich   7"  06"  12*.  33 

San  Elceario  "         "    7  05  04V95 

The  longitude  of  the  observatory  at  El  Paso  erected  by  the  Mexican  commission,  two  hundred 
feet  south  and  five  hundred  feet  west  of  the  Cathedral  tower,  was  determined  by  flashes  observed 
simultaneously  by  Sefior  Salazar  and  myself  on  the  nights  stated  in  the  preceding  part  of  this 
article,  to  be  15V94  cast  of  Frontera ;  hence  tho  longitude  of  El  Paso,  T  05"  56\39. 

A  discussion  of  the  longitudes  of  the  Presidio  del  Norte  and  of  Eagle  Pass,  on  the  Bio 
Grande,  shows  a  difference  between  the  longitude  obtained  by  using  the  Greenwich  Ephemeris 
and  that  obtained  by  using  the  corresponding  observations  at  Greenwich,  to  be  in  the  first  case 
+ 19',  and  in  the  second  -4-  17M.  Comparing  these  with  the  samo  quantities  obtained  at 
Frontera  and  San  Elceario,  made  in  the  same  year,  it  will  be  seen  that  there  is  a  coincidence, 
showing  that  in  this  case  the  error  in  the  predicted  place  of  the  moon  is  nearly  uniform  for  the 
same  year. 

Tho  difference  between  the  longitudes  obtained  in  1849,  those  computed  from  data  in  the 
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Greenwich  Ephemeris,  and  those  obtained  by  corresponding  observations  at  Greenwich,  was 
pretty  generally  +  12'.  This  confirms  the  importance  of  a  thorongh  revision  of  the  lunar 
tables.  The  uniformity  observable  in  these  results  shows,  I  hope,  the  probability  of  detecting 
the  error,  and  eliminating  or  reducing  it. 

I  have  deposited  in  the  Department  of  the  Interior  two  volumes  containing,  in  tabulated 
form,  all  the  individual  observations  and  computations  upon  which  the  results  obtained  on  the 
boundary  for  longitude  are  founded.  1  give  a  leaf  from  these  volumes,  to  show  the  manner  in 
which  the  observations  were  made  and  computed.  It  has  been  suggested  to  me  to  present  them 
for  publication ;  but  as  each  would  make  a  volume  nearly  the  size  of  the  Greenwich  Observa- 
tions, I  have  contented  myself,  in  this  publication,  with  presenting  in  tabulated  form  the  sepa- 
rate results,  and  in  two  cases — at  the  initial  point  on  the  Pacific,  and  at  the  mouth  of  the  Rio 
Bravo— I  have  extended  the  table  so  as  to  show  in  detail  the  manner  in  which  all  the  observa- 
tions and  computations  have  been  tabulated.  It  has  been  found  convenient,  also,  to  incorporate 
with  these  tables  the  computations  by  which  the  azimuth  lines  forming  portions  of  the  boundary 
were  determined. 

III.  Latitudes. 

The  latitudes  of  all  the  primary  astronomical  stations,  except  four,  were  determined  either  by 
myself  or  by  Assistant  J.  H.  Clark,  with  the  zenith  telescope.  Two  of  the  four  excepted  were 
determined  by  Lieutenant  Whipple,  the  other  two  by  Lieutenant  Michler.  I  have  placed  in  the 
Department  of  the  Interior  four  volumes  containing  the  individual  observations  and  the  com- 
putations for  the  latitude  of  the  primary  stations.  In  regard  to  the  publication  of  these 
volumes,  the  same  remarks  that  were  made  above  in  reference  to  the  longitudes  apply  here.  I 
give  a  leaf  from  them  also,  to  show  the  mode  of  tabulating  and  computing  the  observations. 

The  tables  attached  hereto  present  a  recapitulation  of  all  the  results  for  the  latitudes  of  the 
primary  stations,  including  the  station  determined  by  Lieutenant  Michler,  by  circum-meridian 
altitudes  of  northern  and  southern,  stars  observed  with  a  sextant,  and  those  determined  by 
Lieutenant  Whipple,  by  observing  the  transit  of  stars  over  the  prime  vertical. 

The  method  habitually  used  on  the  boundary  for  obtaining  latitude — that  by  the  measurement 
of  the  difference  of  zenith  distance  of  stars  near  the  zenith,  and  nearly  equidistant,  north  and 
south— is  now  so  generally  used  and  approved  as  to  make  no  particular  notice  of  it  necessary. 
It  was  first  adopted  by  Captain  Talcott,  in  1835,  on  the  survey  of  the  Ohio  boundary.  It  was 
resumed  by  myself  on  the  northeastern  boundary  ;  and  Borue  of  my  result*  coming  under  the 
eye  of  Professor  Bachc,  he  concluded  to  try  it  on  the  Coast  Survey,  and  called  on  me  for  any 
suggestion  I  might  have  to  make  in  reference  to  the  form.  I  made  the  suggestions  which 
resulted  in  the  form  in  which  the  instrument  is  now  made  by  Troughton  &  Sirams,  of  London, 
and  is  that  which  I  used  on  tho  present  boundary  survey. 

Attached  to  the  table  combining  the  results  of  the  observations  at  each  station  is  a  table 
showing  the  correction  applied  to  the  places  of  stars,  derived  cither  from  actual  observations  of 
stars  at  the  Washington  Observatory,  and  politely  furnished  for  the  use  of  the  boundary  sur- 
vey, or  from  the  Twelve-year  Catalogue  of  the  Greeuwieh  Observatory. 

A  comparison  of  the  results  obtained -by  the  zenith  telescope,  with  the  errors  developed  in  the 
declination  of  stars  of  the  British  Association  catalogue,  will  show  the  rapid  march  field 
operations  have  made,  in  point  of  accuracy,  upon  the  observations  at  the  fixed  observatories. 


Digitized  by  Google 


TRACING  THE  PARALLELS.— COMPUTATIONS.  143 


While  the  results  confirm  the  excellence  of  the  zenith  telescope  for  field  operations,  they  indi- 
cate the  necessity  of  a  more  extended  and  accurate  catalogue  of  stars. 

IV.  Geodetic  Measurement. 

The  azimuth  lines  were  ascertained  hy  observations  on  the  elongation  of  Polaris,  and  the 
measurement  on  the  face  of  the  earth  was  made  with  several  different  instruments.  Those  in 
California  with  a  transit  hy  Ertel  &  Son,  Munich  ;  with  a  horizontal  limb  of  fifteen  inches 
diameter,  graduated  to  read  to  10".  The  instruments  used  in  tracing  the  parallel  of  latitude 
were  a  ten-inch  azimuth  circle,  by  Gambey,  of  Paris  ;  two  by  Bruner  ;  and  one  by  Draper,  of 
Philadelphia.  Some  of  the  barometers  used  were  by  Bunten,  of  Paris  ;  but  they  were  chiefly 
made  by  James  Green,  of  New  York.  They,  together  with  the  thermometers,  were  compared 
with  the  standard  at  the  Smithsonian  Institution,  both  before  and  after  being  used. 

In  tracing  the  parallels  of  latitude  31°  47'  and  31°  20',  and  also  in  prolonging  the  azimuth 
line  across  California,  and  from  the  Rio  Colorado  to  the  111th  meridian  of  longitude,  it 
frequently  happened  that  it  was  convenient  to  take  the  meridians  determined  by  the  transit 
instrument,  but  most  usually  they  were  taken  from  the  measurements  of  the  elongation  of 
Polaris. 

V.  Tracing  the  Parallels. 

The  parallels  were  determined  by  tracing  a  tangent  to  the  prime  vertical  at  any  given  point, 
and  measuring  the  ordinates  to  the  parallel.  The  use  of  the  tangent  instead  of  the  chord  was 
preferred,  because  tho  measurement  of  the  ordinates,  confided  to  a  variety  of  assistants,  pre- 
sented always  an  increasing  series,  and  was  less  liable  to  lead  to  confusion  ;  a  precaution  very 
necessary  in  a  country  where  water  is  scarce,  and  where  parties  operating  havo  constantly  to  be 
on  the  alert  against  attacks  of  Indians.  A  general  sketch  of  the  stations  established  in  latitude 
to  trace  these  parallels  is  stated  in  the  agreement  with  the  Mexican  commissioner,  which  will 
be  found  under  the  head  of  Personal  Account,  in  Chapter  II,  and  it  is  therefore  unnecessary  to 
repeat  it  hero. 

Great  as  were  the  embarrassments  in  other  respect*,  the  absence  of  trees  gave  us  great  facility 
in  tracing  these  lines,  and  enabled  us  easily  to  correct  errors  resulting  from  producing  long 
lines. 

In  the  determinations  of  latitude  along  the  same  parallel,  it  will  be  seen  we  used  tho  same 
instrument,  and,  as  far  as  practicable,  the  same  sets  of  stars ;  so  we  were  qnite  certain  of  getting 
correct  differences  of  latitude  between  two  stations.  In  no  case  was  it  attempted  to  produce  the 
same  tangent  in  one  direction  more  than  thirty  miles,  and  it  was  then  always  compared  with 
the  tangent  from  the  new  latitude  station.  The  parallel  of  latitude  thus  deduced  by  separate 
and  independent  operations  seldom  differed  more  than  a  few  feet ;  and  in  no  case  was  the  dis- 
crepancy sufficiently  great  to  make  it  necessary  to  retrace  our  steps.  The  tangents,  being  few 
in  number,  were  generally  laid  off  by  myself,  and  prolonged  by  the  principal  assistant  sur- 
veyors, who  were  furnished  with  tables  of  ordinates  and  angles,  which  will  be  found  in  the 
appendix,  that  enabled  us  atonco,  and  by  simple  measurements,  to  establish  points  in  the  paral- 
lels forming  the  boundary. 

VI.  C0MPITATI0N3. 

The  computations  were  all  made  in  the  field  originally,  and  subsequently  revised  in  the 
office. 
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The  observations  made  in  California  wcro  computed  in  the  field  by  myself,  Lieutenant 
Whipple,  and  James  Nooney.  They  were  all  subsequently  revised  by  Professor  ITubbard,  and 
the  new  element  of  corresponding  observations  introduced  into  the  computations  for  longitude. 
The  observations  on  the  Rio  Bravo  were  computed  in  tho  field  by  myself  and  Assistants  J.  H. 
Clark  and  J.  O'Donoghue,  and  revised  in  the  office  by  Captain  George  Thom,  corps  of  topo- 
graphical engineers,  and  Assistant  C.  N.  Thom. 

The  observations  on  the  parallels  31°  47'  and  31°  20'  were  all  computed  in  the  field  by  Prin- 
cipal Assistant  J.  H.  Clark,  Lieutenant  Turnbull,  corps  of  topographical  engineers,  and  As- 
sistant Hugh  Campbell,  and  revised  in  the  office  by  the  same. 

The  observations  at  the  point  where  the  line  strikes  the  Rio  Colorado  were  made  and  com- 
puted by  Lieutenant  Michler  and  Assistant  J.  O'Donoghue. 

A. 

Determination  of  the  line  forming  the  boundary  between  the  United  States  and  the  republic  of 
Mexico,  from  the  Initial  Point  on  the  Pacific  ocean  to  the  point  where  the  "  Gila  river 
empties  into  the  Colorado."    By  Brevet  Major  William  H.  Emory,  Chief  Astronomer. 

This  portion  of  the  boundary  consists  of  a  straight  line  from  a  point  on  the  Pacific  ocean,  ono 
murine  league  south  of  the  port  of  San  Diego,  to  the  junction  of  the  Gila  and  Colorado.  The 
most  obvious  way  of  determining  the  direction  of  this  line  was  to  connect  the  two  points  by 
triangulation,  and  in  this  way  ascertain  their  relative  positions  on  the  face  of  the  earth,  and 
compute  the  azimuth  of  the  line  joining  them.  But  the  character  of  tho  intervening  country 
made  it  impossible  to  pursue  this  mode  of  operating  when  the  time  and  means  at  the  disposal  of 
the  joint  commission  were  considered.  Triangulation  is  the  surest,  but  it  is  the  slowest  and 
most  expensive  method  of  surveying,  even  in  old-settled  countries,  where  the  stations  to  be 
selected  are  easily  accessible  in  wagons.  In  the  country  under  consideration  obstacles  pre- 
sented themselves  almost  insurmountable.  The  whole  distance,  about  148  miles,  may  bo 
divided  into  two  nearly  equal  parts,  differing  in  character,  but  both  equally  unfavorable  to 
geodetic  operations.  The  first,  rising  in  steppes  from  the  sea,  and  covered  with  spinose  vege- 
tation, attains,  in  abrupt  ascents,  the  height  of  five  or  six  thousand  feet  in  the  short  space  of 
thirty  miles.  From  this  point,  for  about  thirty  miles,  tho  country  is  occupied  by  a  succession 
of  parallel  ridges,  striking  the  boundary  nearly  at  right  angles,  and  separated  by  deep,  and 
sometimes  impassable  chasms.  It  theu  falls  abruptly  to  near  the  level  of  tho  sea.  The 
remainder  of  the  line  stretches  across  the  desert  of  shifting  sand  at  the  head  of  the  Gulf  of  Cali- 
fornia, destituto,  for  the  most  part,  of  both  water  and  vegetation. 

The  following  is  the  order  in  which  are  arranged  the  subjects  embraced  in  tho  determination 
of  the  line : 

1.  The  longitude  of  Camp  Riley,  near  the  Initial  Point. 

2.  The  longitude  of  Camp  near  the  junction  of  the  Gila  and  Colorado. 

3.  The  latitude  of  Camp  Riley,  near  the  Initial  Point. 

4.  The  latitude  of  Camp  near  the  junction  of  the  Gila  and  Colorado. 

5.  Transfer  of  the  latitude  and  longitude  of  Camp  Riley,  bv  triangulation,  to  the  Initial 
Point. 

6.  Azimuth  of  straight  line  from  Initial  Point,  on  Pacific,  to  junction  of  Gila  and  Colorado. 
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Numbers  1,  3,  5,  and  6  are  by  myself.    Numbers  2  and  4  are  by  Lieutenant  Whipple. 

The  tracing  of  the  line  on  the  ground  was  partly  by  myself  and  Lieutenant  Whipple,  but 
chiefly  by  Captain  E.  L.  F.  Hardcastle,  corps  topographical  engineers. 

The  computation  of  the  azimuth  of  the  line  was  mode  in  the  field.  In  this  computation  the 
earth  was  supposed  to  be  a  spheroid  of  revolution  of  the  following  dimensions,  whioh  are  thoso 
determined  by  Bessel  from  all  the  measurements  up  to  that  time,  (1849,)  and  the  elements 
given  by  him  were  contorted  into  English  measure  by  adopting  the  following  value  of  the 
metre,  viz : 

39.6850  inches  ;  logarithm  1.5951741293. 
Equatorial  radius  =  6974129.339  yards. 

Polar  radius  =  6950815.059  " 

I  am  indebted  to  Professor  Airy  for  the  observations  at  Greenwich  for  1849 ;  and  for  the 
^computation  of  the  longitude  and  the  application  of  the  correction  due  to  the  corresponding 
observation!  on  moon  and  moon  culminating  stars,  I  am  indebted  to  the  assistance  of  Professor 
J.  8.  Hubbard,  of  the  National  Observatory. 

i.  lonqitudb  or  camp  rilky,  near  the  initial  point. 

The  observations  with  the  transit  instrument  have  been  reduced  in  the  following  manner : 

The  equatorial  intervals  of  the  transit  wires  having  been  determined  as  accurately  as  possible, 
the  imperfect  transits  were  corrected,  by  applying  to  the  mean  of  the  observed  wires  the  mean 
of  their  equatorial  intervals,  multiplied  by  the  secant  of  the  stars'  declination. 

For  circum-polar  stars,  each  wire  was  reduced  separately,  and  the  mean  of  the  results  taken . 
In  the  case  of  the  moon,  allowance  was  made  for  its  motion  by  the  method  and  tables  of  Bessel. 
(Tabulie  Regiomontante,  pp.  LII  and  537.) 

Denoting  by  a  the  constant  of  correction  for  azimuth  of  the  instrument,  by  6  the  constant  for 
level,  and  by  c  that  for  collimation,  and  by  d  the  star's  right  ascension,  d  its  declination  and  s 
its  zenith  distance,  and  by  t  the  chronometer  time  of  its  transit,  and  by  A  t  the  correction  of  the 
chronometer  at  the  time  t,  we  have  the  known  formula — 

a=<  +  A<  +  a  sin.  8.  sec.  d  -f-  6.  cos.  s.  sec.  d  -+-  c.  sec.  d. 

If  <f  denote  the  latitude  of  the  observer,  and  if 

m  =  b.  cos.  y-fo.  sin.  tp , 
n  =  b.  sin.  f  —  o.  cos.  if, 

the  expression  above  becomes — 

a  —  t-\-&l-\-m-\-n.  tan.  d  -f-  c.  sec.  d, 
or  a  =  t  -j-  a  t  -f-  m  -J-  (»  +  c.)  tan.  d  +  c.  (sec.  d  —  tan.  S) 

which  last  form  has  been,  employed  in  the  reductions. 

In  the  observations  at  Camp  Riley,  c  =  o  for  nearly  the  whole  series,  and  is  small  enough  at 
all  times  to  have  no  effect  in  the  last  term  of  the  formula  ;  in  the  other  series,  one  or  two  chscs 
occur  where  it  has  been  necessary  to  take  this  last  term  into  account. 

Where,  as  in  the  present  case,  only  the  right  ascension  of  the  body  is  wanted,  the  quantities 
A  t  and  m  being  constant  for  the  evening,  may  be  combined  together,  and  then  the  last  term  of 
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one  equation,  always  small,  and  vanishing  at  no  great  distance  from  the  equator,  being  intro- 
duced when  necessary,  and  the  requisite  correction  for  the  chrouometer  rate  being  applied,  it  is 
evident  that  but  two  equations  are  necessary  for  the  determination  of  the  uuknown  quantities. 
One  is  generally  furnished  by  a  circum-polar  star ;  the  other  by  the  mean  of  the  equations, 
corresponding  to  all  the  stars  near  the  moon's  path,  in  order  the  more  completely  to  remove  all 
chaucc  of  constant  error  from  the  desired  result.  The  equations  being  solved,  furnish  tho 
quantities  given  below,  and  which  have  been  applied  to  the  observations. 

The  first  column  contains  the  date ;  the  second  the  name  of  the  object  observed  ;  the  third 
shows  the  position  of  the  instrument,  (lamp  east  or  west.)  Next  follow  columns  4,  5,  6,  7,  S, 
9,  10,  the  seconds  of  observed  transit,  and  column  11,  the  mean  of  the  transit  over  as  many 
wires  as  have  been  observed.  Column  12  contains  the  correction  to  be  applied  to  this  mean 
for  an  imperfect  transit ;  column  13  the  correction  for  instrumental  error,  or  the  quantity 
(n  -f-  c)  tan.  d  -4-  c.  (sec.  6*  —  tan.  3,)  the  last  term  of  which  is  generally  equal  to  o;  and 
column  14  gives  the  correction  of  chronometer,  and  the  constant  term  of  instrumental  correc- 
tion, or  the  quantity  A  t  m. 

In  cases  where  a  mean  time  chronometer  has  been  used,  this  column  includes  also  the 
reduction  of  mean  to  sidereal  time,  the  quantities  in  all  the  preceding  columns  being  in  mean 
time.  In  column  15  is  given  the  sum  of  the  quantities ;  in  columns  11,  12,  13,  and  14  are  the 
observed  right  ascension  of  the  object ;  and  the  last  column  shows  the  tabular  right  ascension, 
taken  in  the  order  of  preference  from  the  Nautical  Almanac,  the  Greenwich  Twelve-year 
Catalogue,  or  the  Catalogue  of  the  British  Association. 

The  next  step  was  to  deduce  the  required  corrections  of  the  assumed  longitude  of  the  place, 
by  comparing  the  observed  AR.  of  the  moon  with  that  corresponding  to  the  assumed  longitude 
already  determined  very  approximately  by  computations  in  the  field.  For  this  purpose,  the 
tubular  AR.  was  interpolated  from  the  moon  culminating  list  of  the  Nautical  Almanac,  using 
fourth  differences,  and  it  was  found  that  the  assumed  longitude  corresponded  perfectly  to  the 
results  from  the  uncorrected  tabular  place  of  the  moon.  But  the  extracts  from  the  observations 
at  Greenwich,  given  below,  show  a  correction  of  the  latter  to  be  necessary  ;  and  this  being 
applied,  tho  corresponding  correction  of  the  assumed  longitude  was  determined  and  also  applied. 


Constant  valves  employed  in  the  reductions. 


BYATORY  AT  CAMP  RILEY. 


EVATOHT  JfRA*  jrOTIOJ  OT  1 


11. 


HI. 


IV. 


VI. 


VII. 


/I 


III. 


if  tm«w<  i 
IV.  V. 


VI. 


«.  t.  I.  I.  •.  ff. 

+  51.163   +  33.971    +  17. 1U    4  0.49    -  17.099  -34.0W 


i.  >.  t.  i. 

—  51.  HI.  +  59.790   +  35.07S   +  17.167   +  0.44   —  1T.4W   —  35. 1*0 


vn. 

-  1.1, 


n  +  f.      Af  +  m. 


July  97. 


31... 
Au,.  J.... 

J.  .  .  . 

*>'...'. 

S*p4.  3.... 
4. . . . 


«. 

n.oMi 
o.noo 
u.ooo 
o.noo 

—  0.770 

—  0.796 

—  (i  run 

—  i.K.va 

—  9  0!M 

—  9.931 

—  1.77* 

—  1.613 
-•  4.667 


n.ee 
la  so 

19.4* 
ISC. 
13.00 
It  .63 

10. (O 

II.. -is 
r,  an 
«.* 

5.P7 
1.64 

0.4SI 

-.—4. 


•8*ot.  a. 

84. 
27. 
». 
Jt) 
30, 

im.  a, 

•«, 


,,  +  c 

ff. 

..  +9.718 

.  +  1.3*6 

..  +  I  041 

.,  +  0.7W 

..  4  i.isft 

..  + 

..  4.0.1134 

..  J.  1.471 

..  + 

..  4  1.764 

..  +1.764 

..  +1.764 
..      0.000  - 


&  I  +  - 

A.  m.  r 

—  9  45  99 

—  2  44  54 

—  4  44  47 

—  4  44  45 
— !!  44  43 

—  t'M  44 
-4  43  54 

—  9  93  4" 

—  9  93  4« 

—  4  43  » 
-9  23  31 

—  J  43 
9  43 


Oft.  3. 
4. 


93... 
94... 
45... 
SK... 

9t'. . . 
30. . . 
31... 


n+e.  A  /  +  m. 

«.  m.  t. 

—  1.339  +  41.79 

-  1.098  +  MM 

-  0.450  +  14  3-0fc 

—  0.000  +  31.53 
+  49.66 


-  ».«» 

-  49.100 

-  1.410 

-  0.150 

-  0.437 

-  11.147 
~  6.491 

-  6.607 

-  1.435 

-  1.43s 


H.7* 
19.15 
47. MO 


=  S: 


19 


—  45.01 


n  +  r.  a  <  -J-  m. 

1.  ffH.  .. 

Kor.l  -  O.fOJ  -  45.76 

4....    -0.199  _  «.U9 

3....         R.IMO  -  54.07 

4...         II.OUO  _  54.11 

5....    -6.411  -  55.17 

6   U.!«JO  —  51.31 


43.... 

*•»!;." 

47 ... . 


liiTTa  +  19 
0.0O0     _  1 


0.000  -    1  34.41 

+  0.67-!  _    I  35.09 

D.OOO  -   I  37.36 

-  4.370  +  US5.M 

-  4.470  -   1  4S.7J 


■  Th«  r»(oc  of  A I  ■«iop4ed  foi  the  meu  Uine  chiamMtcr  bring  (he  rom  pitmen  I  uf  the  Urn*  vtlue.  il  becumn  nccc>*ao  <°  '■n»i>«"'  II"  «•«•!  <*  ("  t  «•> 


Digitized  by  Google 


I.ONOITUPK. 


147 


longitude  of  Camp  Riley:  By  William  ITemsly  Emory. 


cimoasxKTCi  tium  or  th«»«it. 


IM». 
Jul?  96 

I 

87 


<  Bootin  . 


16.0 
99.9 


UlL. 


«  I 

6  Libra... 


11.6 
47.9 


III.     IV.      V.      VI.     VII.  oii-pwmxi!  Imperfect'  lutru- 


33.0 
47.0 


MO 
S.O 


13.9 
*i.5 


9.9 
e.o 
99.9 


i.i  i.. 


<»™)  

«  Opbnrckt  


5.0 
  98.9 

43.0  1 .5 
35.8  54.0 

24. 1  49.9 

9o  ao.e 

46.8  4.9 


os.9  43.4 

93.9  38.8 
46.4  4.0 


*J.O 
46.0 
19.5 
19.0 
48.6 
40.8 
99.H 
15.5 


51 .5 


39.0 
4  0 
37  0 
■ «  6 
16  0 
59  9 
40.0 
33.9 

41.5 
9.5 


a*,  5 

40.  5 

39.5 
1.0 
58.* 
99.4 

46.5 
99  0 

56.0 
47.8 


59.0 
58.5 

57.5 
18.0 
14.0 


11.9 
16.0 


14  38  13.41! 
14  49  93.< 


15.0  IS   9  57.3 

35  0  15   8  59.13 

98.0  15  38  38.; 

39.6    54.8  15  45  4.0 


-  8.63 


13.5 


0 


33  0  50.0 


18.4 
58.8 
50,8 

58.5 
97.0 


56.8 
13  5  39.0 
6.5  94  0 
7.5 
53.8 
34.9 
96.0 


8.8* 


I 


47.0 
39.8 
45.9 

47.5 
49.8 
38.6 


49.9 
93.9 


I 

9    y  DnemU   W.     33.5  I 

.•gafituni  

i  Uiw  Minorb... 
.51  (Hnr.)C»p.,a.P. 

0  Uyrm  

1  Aclttll*  

1  p'Hafltuill  

e'Sagitnril  

I  {  B*ftUarii  

f       Moon,  l«L  ...  E. 

f  AqwU  1 

3    •  'CaiHlcnrnl  I  E. 

«*Caprlcx>mi  

p  C«pric<imj  

«  Cajmeonii. . .... 


37.0 

95.5 
51.4 
1.0 

16.4 
10.8 
98.5 


5.0 
58.0 
4.0 

5.0 
0.8 
51.0 

6.0 
54.0 
49.0 

9.0 

57.0 
36.0 
39.5 
39.5 
49.5 
9.0 
18.5 
37.5 


93.0  41.0  59.0 

15.9  33.0  51.0 

99.9  40  5  58.4 

93  0  40.5  58.5 

18.9  36.9  53.9 

9,6  98.0  46.0 


.4 
18  « 

8.6 

17.5 
44.5 


6.6 

17.9 

15.5 
11.9 
4.5 
94.0 


35.4 

S.5 

31.0 
9S  0 
36.9 


15  36  3* 

15  45  19.70 
15  51  37 

15  56  99 

16  6  15.! 
16  19  58.74 

16  39  40 

17  1  50.R)  —  17 


16  41  43.98  —  3.06 

17  9  «7.00:  -  17.67 


16  39  34. B*  -f. 

17  1  33.W.... 
17  39  40.53.... 


5.95 


I 


33.5 
B9.0 
33.0 
46.0 


93  9 
10.4 
5B.4 

99.0 
15.9 
94.0 
39.0 
59.5 


38.5 

55.5 


40.4  57.9  14  8  31.6 
30.0  4P.B  6.4  91.4 
  31.6    50.0  8.0 


i:,  w  -i.i  :n  . 


31.4  1  59.6 


19.5 
45.8 


I 


la.s 

30.5 


31.0 


98.5 
46.0 

33.9 
59.7 
30.0 
3.8 
49  0 

91.8 
58.0 
39.0 
49.5 


46.5 
3.0 

50.0 
13.5 
48.4 

91.8 


9H.0 
96.5 
57.0 
8.5 


56.5 
33.5 
19  0 
93.0 
30.0 
18.9 
45  0 
54  0 
13.0 
11.9 
4.5 
90.9 

8.0 
31.5 

6.0 
40.0 


93.6 
59.0 
5V.0 
16.0 
40.5 
35.5 
9.8 
12.0 
31.0 
99.3 
93.5 
37.5 


51.0 
10.0 
47.5 
15.5 


37.0 


53.0 
30.5 
30.0 

48.0 
47.5 
40.0 


90.0 
10.8 
38.3 
47.5 
6.5 
6.0 


15  56  30.00    + 

16  6  15.87   + 

17  59  66.30   — 

18  4  4a. 78  —  9.14  -f. 
18  93  35.99  —9  93.97  — 
18  94  96.00  49  57.39  + 
18  44  99.99  —   10.19  — 


18  ft*  17.831  

19  19  44.86   

19  31  51.91  

19  49  91.99  —  6.87 
90  9  11.07  

0    90  90  4.40  

55.0    19.0    90  44  90.31 


S4.5   

50.0  .... 
94.0  49.0 


1.0 
94.5 
0.9 


1.6 


... 

..... 


38.0  I 

37.0 

99.9 


59.0 
43.0 


91.0 
9.8 


35.0  49.U 

54.5  99.8  50.9  H.5 

15.6  34.0  59.0  10.4 
97.0  45  4  4.4 
58.8  96.4  KI.6  * 
38.5  54.5  19.8 
16.0 
97.0 
49.6 


90  9  11.74 
90  9  35.94 
90  90  6.14 

90  55  19.85 
41    1  25.33 

17  1  3i.ll' 
17  96  54.4a 
17  34  94.67  - 


3.52 

3  5  J 

-1- 



97.30 

(- 

0.07 



0  00 
0.00 


0.00  + 

0.011 

0.06 

:: 

0.00 
0.00 
0  00 

0.00 
0.00 

0  00 
000 
0.00 


l<  39  40  50i   + 

17  7  35.99   - 

18  94  97.87   + 

16  Xt  35.00  -  64.57  - 


0.00  + 
0.00 

0.0O  + 

0.0l> 

0.0O 

0.95  + 
0.» 
0  2rJ 
0.63 

0.09  + 
0.05 

••'»  + 

0.94 
10.48 
19.96 

0.41 

0.15. 

0.9O 

O.ltt 

O.IK 

0.1» 

0.91 

0.11 

0.1*  -f. 

0.1* 

O.Stf 

0.9W 

0.99 


OI»l>»  Tllt- 


».  at.  J. 


11.14  14  JS  94.55  94.61 
11.14  14  49  33.81  33.74 


11.98  15  9  33.63 
11.97  15  8  55.47 
11.90  15  36  51  36 

11. 99  15  45  15.99 


51.60 
16.14 


19.49  15  36  51.59  51.67 

19.49  15  45  16.31  16.13 

19.4ft'  15  51  50.08'  

19.49  15  56  49.45  49.04 

19.50  16  6  98  471  98.16 
19 .40  10  19  I1.S4-  11.87 

19.50  16  39  53.091  53.11 

19.51  17    1  45.66  45.80 


19.47  16  41  53.39 
19.47   17   9  91.80 


19.45 
19.45 


16  39  53  93  53.08 

17  1  45.54  44.78 
17  39  59.) 


10.87  90  9  19.97 
10.87  90  9  49 
U.K.  90  90  17.95 
10.  W  90  55  51.97 
lO.WjJ  91    I  ».4I 


O.tKlj  17 

O.P"'  17 

9.98'  17 

9.97'  1? 


34  95.79  95.70 


17S0J7.97 
9.97  17  53  7  97 
9.97  16  4  46.5V 
9.W  18  91  19.41 


9.96  1 
9.  W  18  31  59.03  41.91 
9.95  19  41  38.93,  38.71 


19.19 
43.06 
17.99 
50.99 


3.97 


37.95 


Digitized  by  Google 


148 


ASTRONOMY. 


Longitude  of  Camp  Riley — Continued. 


rHioinxrrcn  mum  nt  nxirr- 


I 


■j; 


•  Iknull.  

fl  Opl.iuct,i  

a  Opliiui-lii  

58  «),.|iiucl,i  

4  KijiIUim  

M.MI,  In  I.  .. 

X  extmxtH  

{  Aqullni  


a  l.)ir 


),NI  I. 
taxi 

)   Aijlllljr . 


4  Hng.ttiwil  ... 
p'Si.C'IIH'.i  • . 
A  Snzuu/x . ... 
j  l.>n  

0  ^agiiuru . .. . 

1  Ai|  iula  

0  Sni-iiMni  

>  AqmLi-  

J-  Af|mlir  

Mooii.M  I,.. 
a*<'n|nii  .illii .. . 
a'l'j^flcurm  .  . 
,J  lU^IK  ..™!.  .  . 

«  <">«ni  


3U 


P  PUK.Unrit  

«  I.ynr  


1849. 

4o».  !»•  i  I'w  Mmnri.  ..  W. 

Ornromi.  

,56  UplilM.  Ill  

4  Kogliiarli  

pi&fcgtu&hi. ...... 

^  Urw  >linorl*. . . 
,  I  Ai|uila*.... ...... 

i  Aq,uilr  

y  Aqujlr . ........ 

a  AqulU-  

o'CllKli-nfni  

a'Capricoml  

'  a  Cyful  

«1'C)|B1  

I  I  Cyw»'  

I  i  CnpriromL  

I 

96  |  t  Optiiuch.   W. 

«  Hrf!**!!*  

Moon,  MI  

58  Opllludll  

plSnriltarh 
A  S«Rill«rii 

t  Lyra*  j 

»L£iif  ituni  

I  A<|Uil». . 


... 

III. 

IV. 

V. 

VI. 

Ml. 



*, 

1. 

■. 



1. 

.  

t. 

.  .  

t. 

f. 

•JO. 4 

27.11 

34. S 

43  4 

49.0 

,-iA  0 

33. ft 

04 

21i.ll 

;«.i 

24 . 4 

'.2.4 

211.  1 

23.  A 

4*1  1 

5M ,  P 

17.4 

A,  «i 

M  .0 

12.4 

17  J 

<».o 

26.0 

44 , 1) 

20 .  4 

.*»»  .  'J 

1".  4 

33. 2 

41  0 

30.4 

IC ,  5 

3  3 

♦3.2 

3i?  4 

■10.4 

111  .0 

57 ,0 

H  .0 

30  9 

4^ .  0 

5.6 

^  4 

P .  4 

36.0 

43.11 

0.4 

1$  .0 

34.41 

61. 

3,2 

20,4 

54  b 

19.0 

19  0 

36.0 

-VI.  f 

112 

4fi,ll 

3 

4.1.0 

1  U 

lf.0 

i2..-. 

U.U 

37  H 

s.o 

•JB.O 

50. o 

14  0 

.■ti.U 

2.4 

21). i 

3!>  6 

22.0 

42. p 

4.* 

«.2 

4C  0 

».B 

97.5 

4H.0 

S.O 

4^.11 

0.0 

at.o 

51.4 

9.5 

26.4 

41.8 

3  0 

20. ft 

>i.O 

45.5 

3.0 

90.5 

3^.  4 

13.6 

31 .6 

49.  0 

ft.H 

23 .  H 

41 ,  M 

jU.5 

lli.S 

34.5 

— »  4 

43.. ri 

2.0 

90.9 

*.4 

57.0 

92. * 

414 

M.s 

3R.0 





21.  S 

i7.» 

34.2 

37. p 

57.0 

IS  0 

X,  0 

12.5 

31.4 

41 .:. 

3  5 

24,. -i 

4fi..-. 

C4 

30.0 

62  u 

j  ft 

22.0 

40« 

>.e 

17  .-i 

X..5 

64.0 

32.4 

4a.  i 

7.0 

«4.;. 

42.0 

Sil.S 

17.0 

45.  H 

3.0 

30." 

3t«.0 

&6.0 

13.6 

31.6 

411.0 

6.6 

23.  e 

41. 4 

1S..'i 

17.0 

34.4 

424 

1.5 

20.4 

3U.0 

.'.-(.0  lf.K 

36.4 

M.e 

17.0 

34  0 

MS 

»J 

*.5 

43.6 

23  0 

41.0 

:«.« 

1K.0 

»..". 

64.  H 

13.0 

33..'. 

52,5 

11.0 

2«,4 

4i?.0 

7.0 

25.4 

Ii. » 

.M.4 

IU.0 

•>.2 

47  0 

6.4 

23.6 

37  .1 

.6H.H 

15.0 

34.0 

M.. 

12.0 

311.6 

».o 

49.  I 

7.-J 

O..0 

12  i 

.vj.e 

17. h 

4.. 

or 

— 1  ■ 

.rj.  i 

.-,7  0 

Kill 

34.0 



.'■A  ti 

1  -  .1 

'11  |L 

,-,:i,2 

12  :. 

:m.6 

IJ  *' 

'1  1 

2*.  .2 

-r* .  ^ 

».o 

.Kl  « 

62.:, 

*LI  II 
,  II 

-.1  <» 

1 L  V 

1 

4,0 

C.U 

«:  *. 

2  1  0 

■i  * .  •! 

K.i 

v.t 

*.» 



33.  1 

..2  1 

1 1 .11 

l»  'J 

r.  - 

fcV.  -> 

•i.vt. 

3.. I 

'.•I .  1 

-III .  1 

.  o 

tr. 

33, 

3«.ci 

:.7..i 

IB.M 

jm; 

.VI.  1'. 

12.  r. 

:n .:. 

-jo.y 

l  i> 

47  ^ 

•J.I 

ri[  .0 

.VI.  II 

n;  >i 

'-".Ml 

_*7  o 

I2.fi 

17.;, 

67 .  h 

31.- 

«..-. 

£12 

40.11 

9  6 

27.1. 

44.0 

1  *• 

Ill  2 

r*  <i  ;.:i.2 

6fi,.* 

1.4 

:ii,o 

.VJ  « 

».o 

in. Ii 

■-'1  0 

.1-  1) 

M) .  1/ 

i:i  :. 

31  0 



«... 

n.:. 

.1  "J 

re. 



23.5 

:n  > 

-•■1.4 

in.i. 

•>7.6 

«r.  o 

r>  o 

*..c 

3.3 

'."T.li 

I . « 

:w.2 

:< 

27.6 

45.2 

a.-. 

21..'. 

:»> 

•V.2 

16.  o 

31.1 

67.5 

42.ll 

I  * 

I7.« 

*  - 

•  his 

31.0 

ratu.T.ai 


mis  or 
oii'miiiii  I" 


3.51  — 


IS  43^80.30  

20    V  11.20   

20    9  35.31  

20  36  14  13   

21  0  4.72  

It  2f..2<l  

1  13  44. 1«l  


•Jl 


.7  1  3*. 31 
17  7  41.74 
17  13  1.93 
17  33  .V'.  .  00 
I*  4  53, 32 
If  1H  34  W 
f  31  46.63 
I"  44  5*. 74 
.8  6-  24. 55 

.7  1  3H..V 
17  7  41.67 
.7  12  W.U7 
17  27  51 .66 
17  36  17.4441 
17  60  211.61 
I*  4  2-. 37 
IH  |H  31,17 
IX  M  24.  m 


If    4  3^.23  . 
Is  1-  43  67 
1>  31  lti.UK  . 

ir.  :/;  20.11.  -).  a.sri 
12  o  :ti  :c.  i-  9.i4 

19  ;«  U  ll.  -|.  is.* 


12  lr  52.61 





1"  4  39  >a  .... 
1'  14  22, OH  tt 


1 1  .li!>  . 


t. 

k.  m.  >. 

i 

7.47 

17    1  IS. 31 

ris 

•A 

7.474  17  «7  4.61 

•-• 

•>-• 

7.47 

17  34  95  14 

■s, 

XI 

7.47 

17  30  » ,75 

37 

to 

7.47 

10   4  46.56 

■16 

7.47 

.6  91    7  59 

■i 

->> 

7.47 

18  50  ».S7 

.ti 

7.47 

19  17  55.51 

7.47 

19  30  7.6. 

:r, 

7.47 

19  43  97.63 

4S 

7.47 

90  t  ie.w 

.y 

■JIT 

7.47 

90  9  49  90 

43 

07 

7.47 

90  36  99  .66 

2!) 

II 

7.47 

91    0  11.45 

.1 

U7 

7.47 

91   (  33.S 

:a 

:a 

7.47 

21  13  59  58 

:tj 

6-. 

0.33 

17   1  45.17 

V. 

42 

6.32 

17   7  47.51. 

47 

17 

6.32 

17  13  8.85 

C.3S 

17  34  94.96 

6.3«  IB   4  46.(7 

6.38  16  18  49.00 
6.»;  IB  31  51.47 

6.39  18  45  5.84; 
6.39J  18  56  30.43 


46.43 
41.65 
61.55 
5.73 
30.45 


6.3W  17   1  44.43  45.40 


6.30  17  7  47.97 
17  19  46.69 
17  J7  57.35 
6.30  17  3S  35.39 
6.30  17  56  37.«3 
6.3B|  18  .  4  35.59 
6.39!  16  16  41.75 

e.auj  is  u  39.61 


47.45 
46.74 
37.36 
95.40 
36.97 

41.64 
30.43 


6.9B  18  4  46.37  46.40 

6.9S,  18  18  41.56  41.69* 

6  9*  18  31  51.46  51.51 

6  98  t»M*.37  

6.9*  19  0  49  64  49.46 

6.28  19  3»  7.94  7.98 

5. 87  17  50  3S.I6  36.94 

5.D7   18    4  46.07  46.39 

&  #:  18  18  41.55  41.61 

5.87   16  31  51. «2  51.59 

5.87  IK  55  40.76  40.69 

6.87;  in  58  30.44  30.41 

5.87  .9  19  57.99  37.37 

5.87  19  17  54.W  55.44 

5.87|  19  39  7.08  7.98 

19  48  59  05   

9  .9.69  19.13 

99   9  43  79  43  .09 

99  12  33.5*  34.19 

99  35  19.18  20.09 

5,48  18  4  46.17  46.37 
5.48;  if,  91   3.03;  4.99 

5.41*  18  31  5.  67  51.47 


Digitized  by  GoogI 


LONGITUDE. 

Ixmgiludt  of  Camp  Itiley— Continued. 


149 


1MQL 


r  ^n^ilt-uii  

0'Snffittii/li.  

i  i  A,,uiIa   

'  y  .Vl'tit-j-  

]  a  A,|,iil»-  

f  Siixiimti  i  

j 1  Cipricnrni. , ... . 

a  M  .'apricomi  

7.7  Dnnnni*  

76  llraoni*  

jj  C'  I  

766:i  .... 
3193.  S.  ]•  

A  .V|u:uii  

j  a  I'lxu-  An»t/ali« 
|  4  IVp  in  

#  A,|,l.u,l  

!<G  A'iu:mi  

I  riMiiuui  

•Xl  I"l»ciuiJi  

i27  I*i*cmni  

133  l'l»clum  

<  Aiiitio»if<l  c  

r  I'-v^  

M<ioiu  HI  

10  Oti  

13  CHi  

.«  On  


4  -Vi  I'iM.imti  .... 
,33  ri^ciuni  .... 
.  >  1'i  lpvo  

,1"  C:1   .. 

i  13  Vrv  

]  (I  C  n  .  

I    -<    (V.  Ml, I,  .... 

I  f  IV'  i«llll  .... 
I  *  ri*.:i«nti  .... 
Mwju,  2.1 1.. 

|  fi  Pi. cum  

*  I'l'cimii  .... 


^  Pluniii  i-  

a  Atltu,  

}l  P'TUH'/M  

•A  10  C^-li  

113  t\1i  

|  I'ulruM..  

:  6  CM!  

>•  IvtllJII  

v  I'iMiiuui  


11 


1. 

«. 



H  II 

...... 

■>l.'< 

:<]  •> 

■VJ.I 

LTT.H 

4i  r, 

S.U 

:m  s 

.' 1  ,  It 

lu.o 

- 

Je.  1 

Ki.fi 

11'. 1 

31.0 

;<o.u 

.',  1 .  ii 
47.0 

31.0 

41 .:. 

.  u 

0 , 0 

13 . 

n  i ,  .'t 

33.  1 

i.'.-.' 

1".4 

111,4 

Ivil 

37.3 

•ri.i 

41,  1 

3J.U 

36.  1 

21.6 

:i:> 

:rr,ii 

6.1 

,  ii 

•i.-..:, 

■J,C 

.ti.6 

1 1  j 

■Jr.;. 

J 

r,  :. 

v'1.3 

i 

li*.-t 

41i. 

7.  1 

IV.  H 

Mil 
4 .  II 

:i*.u 

■i  .(i 

'11  .x 

;m.  i 

ji .  1 

■vii 

>J.  1 

ILJ  I 

i  ■* ,  ii 

., 

W.n 

4." 

lM.ii 

"iV ,  K 

I  I  . -i 

4.',.* 

4'.l> 

i,  n 

1,1 

:;->,. 

l'J.-l 

*i.6 

Kl.U 

•  I 

17.  l. 

:w.  i 

31.  u 

ii,. ii 

4,0 

ii.ii 

3*. 3 

■)»!•«»■  I' 1. 


19  >J 


19  >J  6.  M 
WM  T,4'> 


«- 

ts  .-.7 
7.i7 

19  4:1  JT .  ]  t  '37.311 

m  in  ±;,t.  •a.ofl 
su  ;«i  ui.i>4  20. «i 

lfl  n  4»,4R  ia.> 

Ii-  19  57.1ft  37  30 


»3  1^  IT  V,,l.i  .v,  :w 


n:o  7.iu  7.2* 

19  43  -27. Ill  '37.35 


19  43  Ml  51 

«  IN. 13 

iw  :rr  as.. ii 


ai  -36  4*1.711  ■ 

i.«  21  mm.:h  r*.:ci 

St!  f.  :n, Mi  x,.r>i 

44  *.W 

It'  411  -J0.48  ».i6 


7'>  Sfl 


!Ui7 

6  117 
11  X..I1 
■J3  14 
121  til  I  J.  Of, 


O.V67 
19.11 
4i.W 


lU.Ti 


u.t: 


IJ,»7 
13.4H 


W..V1  >  68 

s  .10. 7:.  :«i,m 

u  ;•   

19  .v.. 7:. 

«  :<!,<!  111.17 

*i    ».M  9.D1 

4"  si.ur,  la.*; 
ii  s».i;i  m  m 

I    i  «...V1  NK7M 

23  VI  .',11.  xi  3».X 
w  .',7  :w.i->  an.  HI 
:,  .m  ,  »j 

If  .v.,-. 

*:  3i 

.hi  :i.u: 

.V,  y.4.-. 
l  » 

l     l  W.x, 

I  »i  i«  ;r.' 

I  33  :r; 

l  37 

l  A*  7,77, 

I  V  4-J.-I 

•3  r>  l-.OJ 


:n.i« 

•J  HI! 


:m.h:.  3».u5 


IB.IO 
l"  37. 1 9 
'JC  >J  ^.'Al 
».l«l 
43.117 
17.34 


IK  i.-,..V. 

'.'7  31.  I.'.  :i].l!( 

1  r,  rm.jt  .m  o 

1  id  im.ir  :n.ci7 

1  in.  CI  1...17 

1  :43  37.*  3;. 'JO 


r  No.  W. 


Digitized  by  Google 


150 


ASTRONOMY. 


Longitude  of  Camp  Riley— Continued. 


•«h  tio»  roi- 

OlilHTCD 

A  R. 

T»»tT. 

: 

».». 

i. 

a.  m.    i.      A.  m.  •. 

t. 

16    f  Ai|uil«p  

,  iJ'SnpUarii  

j  &  <-')  jnl  

y  AquiL*  

17  Haitian.  


»  Capiicorni  

y  Capricomi. . . , , , 

«  Cygai  

ft  Aquani  

«  Cnpncnfnl  

i  <  >*'•<  

i           Miiorif. .. 
1  t  1!(k»  MilHiril... 
y'Sftcituirii  

I  f  Aquiic  

i  /J'Suciuajii  

i  Aijollx  

tfl'lf'  


37.5 
8.3 
43.5 
58.7 
38.0 


57. S 
4.0 
3.6 
35.0 
54.0 
10.0 
*.« 
55.5 
33.5 
1.0 
17.0 
56.0 


E. 

W. 


35. 2  95.2 


493  Moon,  in  I..... 
S3      Moon,  l«t  L.... 


16.5 
44.0 
43.4 
10.6 
48.5 

IV.  16.6 

I 

w.  ».o 


34.5 
1.6 
7.8 

27.6 
8.0 


44.4 


21 


V  iMciUaiii  

Moon,  lit  L. 

r 1  Hajpttarii  

*  BacllMrii  

a  Aqull*  


97    I  Aquila-  

/I'Sagillarii  

{  Aquilr  



a'Saptuuii  

y  Aqinla.  

(  :  0  Capricorn!  

«  Capricorn!  

,  »  Capncoml  


W. 


w. 


34.  8 
59.4 

55.6 
99.9 
10.8 


15.0 

34.4 

50.0 

7.8 

97.6 

59.4 

40,9 

S3.0 

41.9 

1.6 

90.6 

59.4 

9.6 

97.0 

44.0 

ia.a 

30.4 

48.4 

6.5 

S7.4 

45.0 

9.6 

90  0 

87.0 

45.9 

3.0 

91.0 

13.8 

31.5 

49.5 

6.0 

57  5 

99.0 

45.8 

9.8 

18.0 

35.0 

59.4 

10.0 

34.6 

53.9 

.1.5 

99.5 

15.5 

35.3 

55.0 

14.7 

i«.  4 

57.2 

47.9 

31.9 

53.0 

19.0 

30.0 

48.  n 

10.0 

36.4 

54.4 

19.0 

31.4 

56.0 

90.0 

44.0 

44.6 

9.0 

19.0 

35.5 

97.0 

464 

5.8 

94.8 

53.2 

11.4 

99.6 

48.0 

3.4 

91.4 

39.8 

58.4 

|  111. 4 

31.9 

50.0 

K.8 

36.4 

54.8 

13.4 

39.0 

33.0 

50.8 

9.9 

98.6 

18  13  47.00  , 


99.0 
7.6 
53.0. 
44.0 

6.4 

16.8 

99.6 
50.0 
46.0 


18  45  11.74  . 

18  58  36.63  . 

19  11  55.74  . 
19  18  1.79  . 
19  94  46.38  . 


7  10  11.37  . 


46.6   

98.0  45.9 


94.9 

46.0 

49.0 

6.4 

95.9  44.8 

90.8 

3J.8 

5S.4 

13.8 

16.8 

30.9 

9.0 

97.4 

0.4 


3.6 


9.4  19.6 

i 

16.0  31.2 

35.6  59.6 

■10.0  57.S 

29.8  49.0 

l«.fl  31.8 

4B.0  5.(1 

10.4  98.0 

1».4  36.0 

9.4  90.6 


3D. 6 

i 

M.4 
93,6 
14.0 
1.9 
54.4 
99.0 
45.6 
54.9 
38.0 


53.4 

10.2 
48.6 
30.  K 
90. 0 
13.9 
38.6 
3.2 
19.0  ' 
56.4 


7  87  91.46  , 

8  98  31.90  . 
8  44  54.94  . 

8  54  50.83  . 

9  4  37.90 
9  53  9.39  . 

K  56  35.94 

9  9  35.94  . 

9  15  40.06  . 

9  29  99.80  . 

9  95  17.00  . 

9  35  47.SM  . 
10  10  10.34  . 
10  16  45  l.V 
10  99  9.63. 


-f.  45.7V  - 
  + 

—    17.47  + 


0.66+  9  50  10.66.  18  16  41.90  41.13 

0.48      9  50  13.35  16  35  7.81   

0.59     9  50  14.99  18  45  5.93  5.95 

0.56     9  50  16.79  18  55  3.83  40  09 

0.91      9  50  94.55  19  43  87.08  97.05 


0.35 
0.97 
0.11 
0.61 
0.49 
0.95 
0.34 
0.41 
0.41  +10 


9  11.79  18  58 

9  13.90  19  II 

9  14.90.  19  17 

9  6.09  19  94 

S  16.4:  19  97 

2  18.37  19  39 

2  93.«5  90  12 

9  94.A6  90  18 

9  96.95  90  31 


99.81 
48.78 
55.08 
39.49 

33.05 
6.57 
33.  SS 
49.59 
99.17 


48.88 
55.01 
39.76 
33.09 
6.86 
33.68 
49.38 
99.46 


Digitized  by  Google 


LONGITUTJE. 


151 


Longitude  of  Camp  Riley — Continued. 


OUKI 

1.4*  r 

h  

r 

<  Allium., . ,  

fi  Aqumni  ...... 

ISO 

*t  t.'npnci.rni  

»  Aijilam  . .  , ,  

n  s 

S  4"ycm  

1.4 

M'Kiri,  <M  1  

rvfOTOiimi  run  or  trajmt. 


ir      in      IV.     v      vi  vil. 


3-1 ,  ii 
ll.'J 


""inn)"  roH- 


if  r  a  * 

nil'MV^i  .  Jinp.'rfirt  J.|.1i.|- 
lrtl|i.,t.  U.fTl. 


a.i«.im«i*trr. 


■ 


i  On»i  

i  L'Dpricorr.i  .  . 

Aqii.iru  

HI  I.  . 


?  <-'>■!!'"  

,1  .\,|.i:,f>i  

r  <7:ipn,.-<irjii- 

,!  <".ln;inri.rtil  ,. 

i  A;ua-i-  

S  Arjuiuu  

> 

?  I'-tiiM-,. 

X  Aquarii.. 


,,l.t  I.. 
^•Aiium...,. 


Mm>n.lttl... 


4  Ann-... 
(•■>ti.  ... 
I"  "ii  

:m  

r  ten  

Kt!  

*  Anf(.».. 
•«  Oil.  , ... 


v  A<viil"-'. . . 
a  Aijtail.T .  . . 
^^apillaui. . 

*  C)tni  


J 

a   

^SwUUru  .... 

Moon.  Wt  L, 
*f  Capricorn. .  . 
ft  C.Tipnrami.  .. 

v  C*|*rki>nil... 


fi\    ft  Aqaarij  

j?  Capnromi  

►■  Aqwirii  

C'upnrortii  .... 

i  raftfM-.^riii... 

ji  AtiUHnj. ,  

■Til  i .  .  . 
]Vl<MJ01.  l\t  1.  .  . 

i  Aijuini  


l-  n 


ii.2,  22. -1 
vi.i  4.,,n 

IU)    :n  ii 


i 


If.  i> 

--ii'.-" 

ll-.l, 

21.2 
j:<.4 
r  - 
21.  n 
m.s 
k 

2-  4 


i.  2- 
-"U.ii 

:<•..- 
ii 

41  Ii 
4  1.4 

>i  II 

n.i 
■j-.n 
.■-,.< 
v.  f 
r..r. 


4".  .  < 

4  4 

If, .  I- 

l.n 

2.1' 

4 

.  t: 

.'2  * 

•Mi.  4 

u.<i 

Hi,  4 

:u . : 

13  1 

i.Vi   :n  ' 
r,-.4 

tun  >.|| 


2> 
.|,.U 
Hi  - 

i:.  ,i 
3.'..  4 

mi.i: 
21* 

.',-.;-. 
:,: 

•I3.fi 

■i.,u 
it;.,, 
n 

47.  n 
1-.4 
IV  Ii 
41  (J 


Si .:. 

.,.4 

•z-.n 
a  - 


Hi 

M .  II 


II  1" 

■ 


12.  t 

H-..H 

li  n 

'2.4 

:t,.« 

:<:.n 

23.4 

:..[> 

.)"." 

a:i  « 

.VI.  4 

37.3 


10.  i 
lit  f 

j .  i 

■J  1. 6 

2S.4 
Hi.. 

i'.li 
•JI.  1 

31.  2 
22.2 
n. II 

a;i,2 

I'D 

3*?.  2 

r.i.ti 
.v,  f, 

41- > 

il7.f: 

32.4 
rm.-i 

IT. II 


I 


s/i.-i 

■j7.fi 
1H.2 

;<..o 
ii 

..:<  J 
•II  - 

41,.? 

17.  s 
.v?.c 

4.-.  I 
.V. 

:t'A 

i;.o 
ii  i 
ii- 

3?.K 

i:.c 

iil.O 


C.H 
lit 


J  -I 

.>,!! 

n> 

4." 

T.f, 

;,.<! 
:,:i.j 

T.lj 
M.l) 

:i,.n 
•Jii  .c 

11!. u 

.vi.e 
:i;.l 
-j...f, 

.M.ti 


A-  r>.      >.  t 

10  :r.  i;n„.. 

in  11  M.S3  — 

iii  .-j  *>.'j:i .... 

IK   V  .VJ  ~i  

11  4  O.ru.... 
11  i :  :n.:<;  .... 

il  ft  i.«i  .... 

n  7  i3).:..i 
11  id  !■ 
ii  >  •>.:>:.... 


—  i). 514111 

—  O.tHI,  ]ll 
HI 
I'l 


0  4UI 

rj  -2- 

O.vl! 

nil, 
u.4:, 

O.ff 

n.is 


,.     ».  a.  m.     1.  ■, 

U  -Jr.-r  !W  M  3i  37  Ji.20 

•J  H!>,IK»  »  44  rxi.  In  W  M 

•3  »>.9)  -<0  .V,  :41.7V  .'ili.M 

2  31. SO  "!1    1  *4.4J 

2  M  6!l  «l    8  M.M  3J  '05 

J  33.14  21  11  l.H  


,o  M  in  -ii  -    s  71;  _    11.61  i-in  hi  ».:,t  21  e  :u).:i?  33  «i 


1:1.1:1... 
:  11.  


11  i:«  :.)•! 

11  ji  1:) 

11  ^ 

II  17  42..M 

11  I.",  i'l 

12  2  l  l  .'.t 
12  12  •i.tm 
12  2i<  1...WI 

12  si  a. 411 

n  :«  .v.  isi , 

1?  14  31  ,l«i 

Ii!  11  2".ii!I 


Ii, IK)  - 


12  .44  ;^.i'!' 

t:<  i-J  V'.4:i 


M.ii    :u,4  1.-. 


«  W.u    l».0   :w.i    I,  I    1:.  :o  ofi.Wi . 

r,    1 1. 1     111    1^.1   >i.ri   w.p    i;  hi  i  .mi 


v/,.2  4-M 

;:i,r,  1;.^ 
......  ^. n 


i^J  I 

ii  n 

'21.  (i 

2;  1 

"•4 , 1 

17.11 

21  il 

■11. » 

:i>.n 

17^ 

ii 

2J .  1 

iJi.li 

7  ,li 

il  l  " 

4J.I1 

4.4 

■!l.6 

:r3,f, 

,r,7 . '? 

11  1 

Ti.2 

J  t 

40.  I 

:r'.6 

.V..-J 


■i  42. 1;  . 


u  12 
or. 
o.ai 
n 

n  17 
11.  ni 
0  2:1 
1 

0.17 
0 

0.1.-, 

0  21 


—  (i.le+iii 


0 

(1  71 

0.31 
0.U7 


;  111 


I  151,0.-,  21     f,  XI. i 

Hi  <  M.Oi  121  1:1 

in  e  :o.«  21  S3  :(..» 

Hi    C  39. W  23   3  CUT 


I,  1  III  :m.:c  21  21  .ti.JO  3S.K 

II,  II)  ;w  21  ai  Ai.711  15.71 
l.i  10  ilil.i-3  SI  :W  41. »2  44. 
!•!  ID  37. u,  '21  111  '27  15  27 
in  111  2J  «  7>l  .« 
III  111  3U.fe  2S  13  54.19  M.07 
in  Ii)  41  ft".  2J  22  Sl.7-2  41.71 

I,  1  !»4j.<o  *-j.i;j..*<  is.r: 

II.  10  44.6?  «  44  4fi.!il 
111  HI  4i.4J  M  *>.A7 

in  n»  4,i.i:i  22  ;u>  n.04  

M  1U  If.OI  413  11    9.06  9.W 


14  ■I'.Vl-i 
H>  I  I  12  Kl 
H>  II  11.21 
I'l  I  I  M  24 


WIS 
3*>.^ 


4<.C4 


■Ji!  41  47. W  •».¥, 
«  4!»  -J<t.  31  '20  . MS 
2i  ;,7  I7.4P  I7.4SI 
21  47  jl. 60  


J    'J  II".  iTi  . 


ri.il       .,  ;,n  |4.  07 


ill.  II 

ii.r, 


I ' 


Si  - 

12.4 

-jfi  0 

;<:  6 

d> 

■i..4 

m> 

ill,' 

i  ,i; 

1:1, (i 

7,? 

II,1 

2(1,  1 

.  i  ■ 

^  .  'i 

2,1.11 

12." 

;c-,ii 

III  1 

"1  1 

■fx  ,1 

1  1  .11 

40,0 

,V  '1 

21.4 
<  i  M.O 
l-i.l 

i.S.J 
47  J 


41.6 

o.s 
.'-..-1 


.V.I.  2 
•■-  II 


12.1.     2H. (i 

2.;  '/i.4 

.V,.  71  13! 


i.<  u 


If  f, 


in . 


ir..4 
x  ,  f, 

■ 

33.4 

17,  Ii 
il-  ■! 
417  " 
ill  .2 

ill .  ii 
:,l  2 


:n  r, 

.Vj.fi 

.''■'.- 
il.ti 

1.4 
,V,  6 

14 
4'.'.? 

.'•3 .  - 
.1  2 
Tl.ii 
1,1  ■ 


I  I  -J 

Xi  II 


10 


Ik  (i 


tin 


1-1  o 
W.i . 

.•..■>  - 
XI  i    M  - 


7  7.3   I  - 

7   .,4  I.'"  

<     (    (i  .IK,   —      "-4  4- 

-  H  43  .11    + 

-  21  13. II   - 

-  37    J  71   f- 

-  ;ci  10.74   + 

■•  :,i)  .2'.  .vi   - 

J  11.21   I. 

•  •••■"•   h 

lil  4-.l»'   !- 

■.Ill  Ii'  I!''   -I. 

•■'.I  .711. i>  -'-  % 


fi  li 

H .  27 
11  .-91 
II  2-i 

O.S.- 
l> 

11  Si 


V-  ~\\   !'•  2I>: 

i  i  i.-.  'j;..',i 

1!    I.,  27  .  HI 


111  .HI  6.  IK  C.3* 

IS  4'  'X.  »  ^.,13 

13  4»  1M.96  21, 

IS  .17  17.21  

I  i  4.',  '211  (17  Sil  Ii  42  . It!  42. an 
1.  I,=.  .H3.31 

i:  u,  :u.3i 

••I  11  .O  1"  •»  31  29.01)  2S.03 


•Jii  IS  -XI  27  31,31 
!K>  If  IS. -37  4-J..V 


in  f  ;■'.  2 
•m.i  >.- 
*■ , '    'Jc  " 


i  i<i    4  f  ."•  

in  4  rfMi  


■I- 


II  .VI  33. 'JO  2D  41  a?.S7  32.42 

li  W  iLl.lil  20  V,  .»..'. I  W.3T. 

11  .73  IB  3,7  'JI  I  23.  IC.  Mil.  31 

I  I  Yl  :«.!►•  II  7  '33.2il  2.7,'JJ 

II  Kl  ill  .JC  -II  II  .-.J.lil  .T-MKj 

1 1  ,vi  .i2.::  21  w  a-  :i:i 

I  I  .VI  M.N.  21  31  l-VSU  4.7. 37> 

li  X>      I  !  VI   M.'Ji!  21  *i  17.31  

f,  37,-11  VI  Clli  81  VI  1?  7U  111, 36 


I).. VI 
D  i*i 


0  in 

II .  -4 .> 


Digitized  by  Google 


152 


ASTRONOMY. 


Longitude  of  Camp  Riley — Continued. 
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From  the  "Greenwich  Observation*"  for  1849  we  obtain  the  following  observed  corrections  of  tbo  AR.  of  the 
bright  limb : 

,  «■ 

July  27  IstL  —0.61 

28  55 

29  48 

30  48 

31  26 

1  44 

3  2d  L  73 

4  3* 

C  38 

8  54 

11  82 


Aug. 


Sept. 


23. 
24. 
29. 
31. 
5. 

K. 
9. 


-IstL  


.24  L.. 


—  1.  22 
.68 
.46 
.47 
.22 
.41 
.61 


LorgUudeef 
July  27  7  48  37.98 


Sept,  22  IstL.. 

2d - ~ - •        .  «. 

26  

30  

2  2d  L.. 

4  

8  

9  


Oct 


». 
0.  68 
.  15 
.22 
.66 
.67 
.65 
.47 
.38 
.67 


Nov. 


28. 
29. 
31. 
1. 
I. 
i>. 


.2d  L. 


.60 
.67 
.73 
.50 
.60 
.74 


28  

29  

30  

31  


23.51 
7.45 
37.  60 
39. 29 


Sept. 


3. 
29. 
*- 


h.  m.  t. 
7  48  61.51 

39. 97 
6. 99 

18.  27 


Oct.  28   7  48  24.48 


Nov. 


29. 
1. 
5. 


15.13 
13.41 
25.37 


of  result, 
of  single 


k.  m.  t. 

7  48  24.70 
±2.32 
±  8.05 


The  following  have  been  adopted  as 


July  27  to  i 
August  23  to  September. 


the 
» 

-  0.47 

-  0.54 


22  to  October. 
28  to  November . 


». 

-  0.48 

-  0.63 


Applying  these  corrections  to  the  > 
the  observed  AR.,  we  obtain  : 

A.  m.  s. 


Alt.  of  the  i 


July  27  

7  48  36.81 

20. 90 

29  

6. 88 

30  

37.32 

45. 08 

29. 28 

3  

39.60 

23.07 

27  

36.91 

Aug.  28.. 

29- 
Scpt.  3.. 
4.. 
5.. 
24.. 
27.. 
28.. 
29.. 


limb  for  each 

date  of  obscrrat 

k.  an.  t. 

A  m.  «. 

7  48  21.77 

Sept.  30  

...    7  48  17.78 

41.89 

Oct.  23  

34.  80 

9.77 

25. ... 

22.50 

18. 54 

28.... 

15. 12 

41.  90 

34.61 

22.  98 

5  

22.75 

21.85 

A.  M,  $, 

Mean   7  48  25.98 

Longitude  of  Camp  Riley,  computed  in  the  field  from  the  predicted  place  of  the  moon  In  the 
Greenwich  ephemeris  for  1849   7  48  13. 1 


12.88 


Vol.  I- 


Probable  error  of  a  single  observation   ±  7. 21 

Probable  error  of  result   ±  1. 44 

—20 
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II.— Longitude  of  junction  of  the  Gila  and  Colorado :  By  Lieut.  A.  W.  fPhipple. 
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9.6S 
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48.93 
53.67 

9.35 
33.15 

15.79 
19.14 
3.05 
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39  3.37. 


Wire  II  recorded  5i.0i. 


(  Wire  IV  recorded  M.b. 


I  Wire  II  recorded  l«.8i 
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Longitude  of  junction  of  the  Gila  and  Colorado — Continued. 
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Longitude  of  junction  of  the  Gila  and  Colorado— Continued. 
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The  following  aro  the  results  from  the  observations  at  the  observatory  near  the  junction  of  the  Gil*  and  Colorado : 
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Longitude  of  the  came,  computed  in  the  field  from  the  Greenwich  cphcmerii  for  1849    7  38  12. 53 
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III.— Latitude  of  Camp  Riley,  near  Initial  Point  on  Pacific,  determined 
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There  arc  196  remtlu  obtained  from  ooarrratiOM  on  eighty  two  diflkrent  atari. 

By  giving  the  ut  weight  to  aarn  otwrvatloa  (Bean  of  all  the  observation*)  wo  ban  fur  the  lalrnid« ...  39  33  43.53 

Latitude  by  giving  to  each  pair  a  weight  depending  on  the  aanbrr  of  observation*,  (umi  probable)   33  33  43.34 

General  mean  of  evil  night...  •   33  33  43.73 

General  mean  of  cash  pair   39  33  43.36 

General  mean  or  all  the  obeenratlona     33  33  43.33 


Digitized  by  GoOjgli 


LATITUDE. 

with  a  Zenith  Telescope  of  id-inch  focal  length:  By  W.  H.  Emory. 


161 


41  M 


■  -  .  .  .  .  . 


n 

43,^ 


41.14 


;  103 

-.31* 


47  PI 


44,  J." 


47.30 
Il.M 
«.6I 
4J  7H 
44.  *7 


4.1.01 


46.00 
41.  Kl 
4.VJ1 


44.92 


47.41  46.1? 


41.  OH 


n;  .jj   

«i«    4:1.71! 


4C.;c 


45.  M 


41.711 


47. U*  U.OO 


7il7 


;e.:- 


40.  «o 


4u.n;i 


78.5! 
7l>y 


77f.il 


4J.<]«  4".iH 


".mil 


SUM 


51.-™  ol  «,UHf. 


4i.:i; 


4.-I.U7      I'J  ..w 

4.-..W    no  oo 


44  17  rci.iiT 
4*7  Kt      10. « 


4-2  is 


4'i  IS 
4U.70 


43. Hi 


4U.tl 


II.-.'. 


41.  W 


41. !M  43. >t 


14.  I'J 


IC-IIU  4.1.03 


4;i.i'4 


43  ?4 


aj  :d  4:1  i'j 

•I.-.  4! 
41,-J!I 
41.  ai 
43.14 
41.711 
13X7 
II  M 
41  33 
4.1.».'. 


44  30 

4?  ..'.J 

43  :4 


UJ  3i  43.H3M.-in  <.r>«<, 


:tl  X,  43. M  Mill,  of  i>b«.n 


7587 

u 

7605 

im 

7547 

760.5 

TftS 
78SB 

7859 
7898 

7839  7813 
7688  '  7919 

1 

7971 
80*4 

7071 
8083 

Jr 

8195 
8997 

8988 

8315 

11 

if 

w 

it 

u     1  « 

it 

n 

41.10 

44.87 

38.49 
39.40 
40.40 

43-23  44.33 
48.78  44.43 
47.57  49.93 

30.  M 
40.41 
43.91 

49.00 
37.90 
49.68 

49.13 
43.30 
44.73 

4».14 



4J».7« 

47.90 

44.18  1 

37.13                   4S.O0       45.  BO 

40.43 

39.94 

43.08  |  43.77 

•  <  « 
39  35  48.03 
43.30 
41.60 
44.78 
44.34 


39  35  43.98  M*M  of  nek 
39  35  48.48  MrMoOirh 


39  33  43.39  ! 


fV.UMi.  rrTt*  in  deurniin-MlOM  of  Ik*  hWIixl'  U"vn  n  •Ingli'  pair  

Ljmil  of  protalU*  orm  la  deierainuioiii  of  Dm  Mend*  ftom  i»t  malu  of  a 


..  1.48 
..  0.198 


Vol.  I  21 


Digitized  by  Google 


162 


ASTRONOMY. 


IV.— Observations  for  latitude  at  Observatory  near  the  junction  of  the  Gila  and  Colorado  riven : 

By  Lieut.  A.  W.  Whipple. 
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51.31 
50  83 
40.31 
44.44 

40.56 

43.40 
43.11 
44. DA 



40.43 

31.37 

44.31 

41  96 
41.39 
49  49 
44.49 

3B.S9 
38.16 
39.11 

37.76 

41.79 

97.40 
96.04 

38.34 
36.54 
37.76 

46  97      46  .04 

39.95 
39.47 

13* •••>>■■>••> 



39.97 



40.39 

49.  r* 

,...•••< 

Mean  (breech  pair 
Mean  of  BUM  pain 

31  43*7.36 

37.16 

41.69 

43.17 

44.94 

61.31 

44.31 

49.63 

37.94 

39  43  49.44 

1 

I 



•  Rejected. 


V.— Triangvlation  by  which  (he  observed  latitude  and  longitude  of  Camp  RHey  was  transferred 
to  the  Initial  Point  of  the  boundary  on  the  Pacific:  By  Major  Emory. 


EeKI 
Wre4  bine 





No.  ofoheer-  Otaenre*  U10M 


Dintilitttlon 
•nd  error. 


Pptteilckl    Plane  »»»!■->  mm! 


L'l 

•-'I 


37  94  47.5 
107  34  1.3 
34   0  1.9 


+  0.033 
+  0.CO3 
+  0.033 


no 
w 


F.vt  b*K  to  wetl  bur  

fjuH  bav  id  initial  point. . . 
Wert  but  to  initial  poi.l  . 


37  95  47  53 
107  34  1 .93 
34  0  1.99 


4436.39 
7440.59 
4*07.56 


3.8774041 


Calculation  of  the  Geographical  Position  of  the  Initial  Point. 

Azimuth  of  the  line  from  cast  base  to  initial  point  determined  by  measurement  of  angle  made 
with  meridian  of  tho  observatory,  and  also  by  various  measurements  of  the  elongations  of 
Polaris  :    Counting  from  the  south  towards  the  west,  24°  31'  31". 

Latitude  of  cast  base  situated  precisely  in  the  meridian  of  observatory  at  Camp  Riley,  and 
determined,  by  direct  measurement,  to  be  south  of  it  1".2;  north  latitude,  32°  35'  42".33. 


Digitized  by  Google 


LONGITUDE. 


163 


East  base  to  initial  point  =  K  =  1540.59  metres,  H  =  32°  35'*42".33. 
P  =  117°  03'  16".5;  Z  =  24°  31'  31". 

Log.  K   =  3.8774051  1st  term  H  =  32°  35' 42".33 

1 


Log. 


N  sin.  1" 


=  8.5093882 


Log.  u"   =  12.3868'J33 


2d  term  II 


3d  term  H  = 


3'  42".76 


Lat.  Initial  Point  =  32°  3V  59".57 


(2d 


H)  log.  (1  +  E>  cos. '  H)  =  0.0020139 
Log.  «"  =  2.3868933 

Log.  cos.  Z  =  9.9589355 


Log.  u"      =  2. 
Log.  sin.  Z  =  9.6181471 

12.0050504 
Log.  cos.  H  =  9.9258689 


Log.  2d  term  =  2.3478427 
2d  term  =  222".76 


2.0791815  =  log.  120" 


P  =  117°  03'  16".5 

Bin-  Z       =         2*  00" 
Cos.  H.   


Long.  Int.  Pt.  =  117°  05'  16".5 


3d  term  H  log.  u" 
Log.  sin.  Z 


Log.  («"  sin.  Z)' 
Log.  (1  +  e*  cos. '  H) 
Sin.  1" 


=  2.3868933 

=  9.6181471 

2.0050404 
2 

=  4.0100808 
=  0.0020139 

=  4.3845449 


Log. 

Log.  tang.  H   =  9.8057664 

8.2024060 


Calculation  of  the  Geographical  Position  of  Station  *'  Weal  Base." 


Measured  azimuth  of  base  line  =  Z  =  61°  67'  28".5.    Base  line 

Log.  K  


1st  term  H   =  32°  35'  42".33 

2d  term  H   =        V  09".23 

3d  term  H   =        0*  00".00 


H.  or  W.  base      =  32°  34'  33".  10 


K  —  4536.69  metres. 
  =3.6567391 


Log. 


1 

N.  sin.  1" 


=  8.5093882 


Log.  «"   =  2.1661273 


Log.  (l+e»cos.*H) 
Log.  cos.  Z  

2d  term  = 


0.0020139 
9.6722077 

1.8403489 
69".23 
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Log.  «"   =  2.1661273 

Log.  siu.  Z   =  9.9457651 


2.1118«J24 

Log.  cos.  H  =  9.9256R23 

2.1802301 

2d  term  P  =  153".54  =  2'  33".54 


\  ••■•••*•»•••••••••  - 


2d  term. 


117°  03'  16".5 
2'  33".54 


P.  or  long.  ) 
of  WeBtBase  J 


=  117°  05'  50".04 


3d  term — 

Log.  u"   =  2.1661273 


Log.  sin.  Z. 


Log.  (u"  sin.  Z)  3 
Log.  (l-f-c'coa.'H) 

Log.  tang.  II  


=  9.9457651 
2.1118924 
2 

=  4.2237848 
:  0.0020139 

4.3845449 
9.8057664 

8  4141100 


Calculation  of  the  Azimuth  of  the  line  from  Initial  Point  of  the  Boundary  to  East  Base. 


N.  sin.  1" 
Sin.  Z  =  9.6181471 


u"  sin.  Z 

^  I  Measured  Z=     24°  31' 16" 


Log  K         =  3.8774050  =  7540.59.  Z'  =  180  +  Z -  "in.  \  (L  +  L') 

1 


+  15  err.  in  meridian. 


2.0049402 
Cos.  L'         =  9.9258689 


2.0790713 
Sjn^L  Jh_L'  =  9.7309790 


24°  31'  31" 
180° 

204°  31'  31" 
1'  04".5 


64". 57  =  1.8100503 


Z'  =  204°  301  26".5 


VI. — Azimuth  of  straight  line  from  Initial  Point  on  the  Pacific  to  junction  of  Gila  and  Colorado. 

In  the  computation  for  tttb  direction  of  the  line,  the  longitude  of  the  initial  point  and  the 
longitude  of  the  junction  of  the  Gila  and  Colorado  are  taken  as  determined  in  the  field  by  the 
observations  compared  with  the  moon's  place,  as  given  in  the  Nautical  Almanac  (Greenwich.) 
On  arriving  at  Washington,  I  obtained  from  Professor  Airy  his  corresponding  observations, 
made  at  Greenwich,  and  it  will  be  Been  that  a  change  has  been  made  in  the  absolute  longitude 
of  both  places,  but  fortunately  no  material  change  is  discoverable  in  the  relative  longitude  of 
the  two  places.  Now,  an  inspection  of  the  formula  used  will  show  that  the  difference  in  longi- 
tude is  the  element  used  in  determining  the  azimuth  of  the  line  -connecting  the  two  points. 
Hence  the  change  deduced  from  comparison  with  the  corresponding  Greenwich  observations 
docs  not  affect  this  result. 

The  preceding  pages  show  the  process  by  which  the  latitude  and  longitude  of  Camp  Riley 
was  transferred  to  the  initial  point  of  the  bouudary  on  the  Pacific. 
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A  word  on  the  subject  of  the  transfer  to  the  "junction  "  of  the  latitude  and  longitude  of  the 
observatory  near  that  point ;  the  distance  between  them  was  so  small  that  the  transfer  may  be 
considered  as  having  been  accomplished  by  direct  measurement. 

Lieutenant  Whipple's  report  to  me,  November  30,  1849,  gives — 


O  /  II 

The  longitude  of  observatory,  T  38"  12\53  ;  in  arc                                        114  33  07.95 

The  longitude  of  junction                                                                         114  32  51.61 

Difference   16.34 

O  I  II 

Latitudo  of  observatory,  (see  report  of  November  24)                                       32  43  43.96 

Latitude  of  junction                                                                                 32  43  32.3 

Difference   11.66 

« 


These,  corresponding  with  my  computations  founded  on  the  same  data,  were  adopted  ;  but  it 
must  be  observed,  to  prevent  future  misunderstanding,  that  it  was  impracticable  to  measure  the 
azimuth  from  the  junction  of  the  two  rivers,  (then  under  water,)  and  a  point,  B,  (see  sketch,) 
was  selected  in  the  azimuth  produced,  ascertained  by  direct  measurement  to  be  73.5  feet  south 
and  1,070  feet  west  of  the  junction,  and  here  the  monument  was  placed  and  the  azimuth  meas- 
ured from  it.    The  geographical  position  of  this  monument  is,  consequently, 

O        I  II 

In  north  latitude   32  43  31.6 

Uncorrected  longitude   114  33  04.3 

The  computation  of  the  azimuth  and  length  of  the  line  of  boundary  extending  from  the 
initial  point  on  the  Pacific  coast,  near  San  Diego,  to  the  junction  of  the  Gila  and  Colorado,  was 


based  on  the  following  assumption  : 

O  /  II 

Latitude  of  initial  point  on  the  Pacific   32  31  59.63 

Latitude  of  junction  of  Gila  and  Colorado   32  43  32.2 

Difference  of  longitude   2  32  24.9 


We  compute  the  azimuth  and  distance  by  the  formula)  given  by  Puissant,  Traile  de  Geodesic, 
Ed.  Ill,  Vol.  2,  p.  316,  using  the  following  notation : 

a  =  equatorial  radius  c  =  ellipticity  = 

b  =  polar  radius  Log.  c  =  7.8273187 

Z'  =  azimuth  at  the  Gila,  reckoned  from  the  S.  round  by  W. 
Z"  =  azimuth  at  the  initial  point  a  =  distance  in  arc. 

tan.  V  =  -  tan.  L'  tan.  V  =  i  tan.  L" 

a  a 

In  the  spherical  triangle  formed  by  F,  I",  and  P,  wo  now  compute  the  angles  180°  —  Z'  and 

Z"  —  180°,  the  arc  a,  and  also  I,  =  the  latitude  of  the  foot  of  the  perpendicular  from  the  pole, 

and  obtain  for  a  first  approximation  : 

71  =  85°  33'  25". 05  a  =  7739".75 

Z"  —  180°  =  84°  11'  25". 21  I  =  32°  54'  22".69 
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Next  we  compute  the  correction  d  P,  to  be  applied  to  the  spheroidal  difference  of  longitude 
P,  by  the  formula 

d  P  =  —  a  {J  c  —  |  t*)  cos.  /  =  +  21".72 

And  we  get   P  +  d  P  —  2°  32'  4 6". 62 

Substituting  this  into  the  former  computation,  we  obtain 

7!  =  85°  34'  14". 41  a  =  7758".10 

Z"  —  180°  =  84°  12'  02".S9  I  =  32°  54'  16".71 

And  by  a  second  substitution  of  the  latter  values  we  obtain,  finally, 

Z'  =  85°  34'  14".49  d  P  =  -f  21".77 

Z"  —  180°  =  84°  12'  02".95  *  =  7758M5 

We  also  compute  <f  and  a",  the  arcs  from  f  and  V  to  the  foot  of  the  perpendicular  /,  viz: 
<r"  =  6°  52'  31". 5  ;  *r"  =  9°  01'  49". 7  ;  and  obtain  the  distance  *  in  metres  by  the  expression 

*  =  a  (1  +  \  e  sin.9  I  —  A  e»  sin.'  I)  +  (sin.  2  a"  —  sin.  2     ft  e  sin.9  J  —  #  «•  sin/  i)  -  - 

1st  term   =  +  239187.0 

2d  term   =  +  113.8 

3d  term   =  —  0.0 


Distance  «   =     239300.8  metres  =  261692.0  yards  =  148  689  miles. 

Azimuth  at  initial  point  on  Pacific  coast   =  84°  127  02".95 

Azimuth  at  junction  of  Gila  and  Colorado   =  85°  34'  14".49 

Length  of  line  of  boundary  connecting  above  points   =  148.689  miles 

.  B. 

Determinations  of  boundary  line  from  the  Bio  Colorado  of  the  west,  to  the  intersection  of  the  Ill/A 
■meridian  of  longitude,  west  of  Greenwiclt,  and  parallel  31°  2C  nor/A  latitude:  By  Lieutenant 
N.  Mkhler,  Topographical  Engineers  U.  S.  A. 

I. — Azimuth  line— astronomical  positions. 

The  longitude  of  tho  initial  point  on  the  Rio  Colorado,  twenty  English  miles  below  its  junc- 
tion with  the  Gila,  as  agreed  upon  by  Lieutenant  N.  Michlcr,  Topographical  Engineers  United 
States  Army,  on  the  part  of  the  United  States,  and  Francisco  Jimenez,  first  engineer  of  the 
Mexican  commission,  on  the  part  of  Mexico,  was  determined  to  be  114°  48'  44.53"  west  of 
Greenwich. 

This  result  was  obtained  by  transferring  the  longitude  of  the  monument  near  the  junction  to 
tho  initial  point,  by  Lieutenant  Michler's  triangulation  of  the  "twenty  English  miles,"  the 
longitude  of  said  monument  having  been  previously  obtained  from  observations  by  Lieutenant 
A.  W.  Whipple,  Topographical  Engineers,  Assistant  United  States  Bouudary  Survey,  deduced 
from  corresponding  observations  at  Greenwich. 

O        I  It 

Longitude  of  the  monument   114  36  22.20  W.  of  Greenwich. 

Difference  of  longitude  between  monument  and  initial  point    +  12  22.33 

Hongitude  of  initial  point   1 14  48  44.53 

The  latitude  of  the  initial  point  on  the  Rio  Colorado  was       0     '  " 

found  to  be   32  29  44.45  North. 
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This  latitude  was  obtained  by  a  mean  of  results  fi\>ra  observations  with  zenith  telescopes  by 
Lieutenant  Michler  and  Seuor  Jimenez,  at  their  respective  observatories  near  the  initial  point, 
(reduced  to  Lieutenant  Michler'a  observatory.)  as  follows :         0    ,  „ 

Determination  by  Senor  Jimenez   32  29  41.53 

Determination  by  Lieutenant  Michler  '.   32  29  41.77 

Mean  latitude   32  29  41.65  North. 

This  latitude  of  the  observatory  was  then  transferred  to  the  initial  point,  by  triangulation, 
by  Lieutenant  Michler.  By  transferring  the  latitude  of  the  monument  near  the  junction  to  the 
same  observatory,  by  two  different  triangulations.  one  by  Lieutenant  Michler  and  the  other  by 
Senor  A.  Diaz,  second  engineer  Mexican  commission,  the  following  were  the  results: 

Known  latitude  of  the  monument  near  thejunction   32  43  31.58  North. 

Difference  of  latitude  between  monument  and  observatory,  by 

Lieutenant  Michler's  triangulation   —  13  48.95 

Latitude  of  observatory   32  29  42. G3  North. 

Known  latitude  of  the  monument  near  thejunction   32  43  31.58  North. 

Difference  of  latitude  between  monument  and  observatory, 

by  Scfior  Diaz's  triangulation   —  13  48.39 

Latitude  of  observatory   32  29  43.19  North. 

32  29  42.63  " 

Difference   00.56 

The  azimuth  of  the  line  from  the  junction  of  the  Colorado  and  Gila,  to  Lieutenant  Michler's 
observatory,  is,  at  the  latter  point,  36°  14'  10"  northeast,  andit*  length  104024.34  feet. 

The  azimuth  of  the  boundary  line  from  the  initial  point  on  the  Colorado  to  the  intersection 
of  the  111th  meridian,  west  of  Greenwich,  and  the  parallel  of  31°  20*  north  latitude,  is  at  the 
initial  point  71°  20*  43". 8  southeast,  and  at  the  point  of  intersection  of  parallel  and  meridian 
69°  19'  45".94  northwest;  the  length  of  this  line  =  382844.87  metres,  =  418684.3  yards, 
=  237.63565  English  miles. 

Monument  No.  II,  made  of  cast-iron  plates,  and  pyramidal  in  form,  was  placed  on  the  edge 
of  the  desert,  at  a  distance  from  the  initial  point  of  4522.9  yards ;  its  latitude  was  computed  to 
be  32°  29'  01".48  north  ;  its  longitude  114°  46'  14".43  west  of  Greenwich.  The  azimuth  of 
the  boundary  line  at  this  point  was  computed  to  be  71°  19'  23".  18  southeast. 

The  longitude  of  the  observatory  of  the  Mexican  commission  nt  Quitobaquita,  near  monu- 
ments VII  and  VIII,  as  determined  by  Senor  Jimenez,  first  engineer,  from  ten  lunar  culmina- 
tions, commencing  July  23,  1856,  and  ending  August  2,  1856,  inclusive,  was  .found  to  bo 
112°  52'  25".73  (7*.  31m.  29.775«.)  west  of  Greenwich. 

The  latitude  of  observatory  at  Quitobaquita,  as  determined  by  Senor  Jimenez,  first  engineer, 
from  forty  observations  upon  eight  pairs  of  stars  with  zenith  telescope,  was  found  to  be 
31°  5G'  26".57  north. 
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"The  base  line  of  the  triangulation  of  the  twenty  English  miles  to  a  point  on  the  Colorado 
from  its  junction  with  the  Gila,"  was  measured  by  Lieut.  N.  Michlcr,  corps  topographical  engi- 
neers, with  two  iron  rods,  "A"  and  "B,"  corresponding  with  rod  "B,"  in  the  possession  of 
Mr.  R.  D.  Cutts,  U.  S.  Coast  Surrey,  the  length  of  which  is  4.000245V  metres  nt  32°  Fahren- 
heit. The  length  of  one  metre,  at  32°  Fahrenheit,  is  equal  to  39.368  50:54  inches  at  62°  Fahren- 
heit of  the  standard  made  by  Troughton. 

Rate  of  expansion  of  rods  for  1°  Fahrenheit,  .000006963535. 

The  total  length  of  the  base,  as  computed  by  John  ODonoghuc,  computer,  is  5,867  feet 
5.9  inches. 

Table  showing  tlie  length  of  rods,  al  different  temper  attires,  of  the  American  and  English  Imperial 

Standard, 


TVlttftWntWMt 

of  Iron  rotfa. 

tctiitirrotiir*,  of  Aiutf- 
irtu  M*niUrd. 

t.rncih  nf  rod*  III  Il»l« 
l<  ni|irrat>, nf  lt>»  Ei«- 
Uali  unjwrul  Mandud. 

Ttmpcftture 
of  Iron  rod*. 

LttifrUi  of  rodi  al  Uib 
IMnpvramrr,  of  Amcr- 

Lencth  of  rod*  al  ini* 

IrnipmtV.  of  Ibe  Vac 

o 

Tncha. 

lurhet 

52 

157.5055195 

157. 512060 

C2 

157.  6165855 

167. 523070 

63 

.5067161 

.513161 

63 

.5176821 

.  524171 

54 

. 5078127 

. 514262 

64 

. 5187787 

. 525272 

55 

.  5089093 

.5153(3 

65 

.6198753 

. 526373 

5« 

.5100059 

.516464 

66 

.5209719 

.  527474 

57 

.5111025 

. 517565 

67 

. 5220685 

. 528575 

58 

.5121991 

. 518666 

68 

.5231651 

. 529676 

59 

.5132957 

.519767 

69 

.5242617 

.  630777 

(50 

.5143923 

. 620868 

70 

. 5253583 

.631878 

.. 

.5154809 

.521969 

Table  showing  the  quantity  to  be  taken  from  the  length  of  the  measuring-rod  at  the  different  ele- 
vations. 


Anfteof  okn- 

hum  tn  be  subtree  I rd 
fmru  Ui«j  length  of  the 

Angle  of  cievs- 

tlWI*. 

Sun  to  tw  anbtrwied 
fhnaUiclengUiorUia 
tod. 

O  ' 

/■total. 

Incha, 

0  00 

0.  0000000 

0  35 

0.  008)595 

0  05 

0.  0001733 

0  40 

0.0106641 

0  10 

0.0006616 

0  45 

0.0134995 

0  15 

0.  0014964 

0  50 

0.  0166656 

0  20 

0.0026612 

0  55 

0.  0201626 

0  25 

0.0041585 

1  00 

O.023S903 

0  30 

0.  0061275 

The  point  "  F"  was  Lieut.  Michler's  observatory,  and  distant  from  the  junction  of  the  Colo- 
rado and  Gila,  in  a  straight  line,  104024.34  feet;  the  aaiimuth  of  this  line,  at  the  point 
is  36°  14'  10"  N.  E.,  and  its  length  is  1575.66  feet  short  of  twenty  miles.   (See  resulta  of  calcu- 
lations of  geodetic  latitudes  and  longitudes  of  points  of  triangulation,  &c.) 

The  latitude  of  point  "F',"  as  obtained  from  triangulation,  is  32°  29'  42".64  N.,  and  longi- 
tude 114°  48'  09".51  west  of  Greenwich.  The  latitude  used,  however,  is  that  obtained  from 
observations  with  zenith  telescope,  and  is  32°  29'  41".65  N. ;  but  the  longitude  taken  is  that 
obtained  by  triangulation. 

The  initial  point,  in  the  middle  of  the  Colorado,  was  determined  by  prolonging  the  line  from 
the  junction,  passing  through  "F"'  1575.66  feet,  measured  with  the  two  iron  rods,  "A"  and 
Vol.  I  22 
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"B,"  thus  laying  off  a  radius  of  twenty  miles.  At  the  extremity  of  this  line,  a  perpendicular 
was  erected,  or,  in  other  words,  a  tangent  was  drawn  to  the  circumference  of  a  circle  with 
that  radius  and  the  junction  as  a  centre,  and,  by  means  of  the  following  table,  the  circle  was 
described. 


Co-ordinates  of  points  of  the  c»Vcfe. 


AbMhMU  in  feel,  Corn*|KMMlin*  ordinate*, 

Alwcimain  feet,  CorrrMwmSinc  ordinate*. 

Muni 

in  lr«t.  measured  wi 

mnnml  along 

in  feet,  measured  oo 
perpmdkcvlan  la  Um 

fat. 

m. 

0 

0.  00 

1,300 

8.  29 

10O 

0.  04745 

•  1,400 

9.30 

200 

0.  19 

1,500 

10.  67 

300 

O.  427 

1,600 

12.  148 

400 

0.759 

1,800 

15.  37 

500 

1.  186 

2,000 

IS.  90 

600 

1.708 

2.200 

22. »« 

700 

2.  325 

2.400 

27.33 

890 

3.  037 

l  2.600 

33.00 

900 

3.843 

3,000 

42.  66 

1,000 

4.74 

6,000 

118. 10 

1,100 

6.74 

10,000 

472.2 

1,200 

6.  83 

A  table  to  lay  out  on  the  ground  a  portion  of  the  circumference  of  a  circle  whose  radius  is  twenty 

miles. 

First  take  a  point  twenty  miles  from  the  mouth  of  the  Gila,  and  having  the  direction  of 
the  line  joining  this  point  and  the  mouth  of  the  Gila,  protract  a  straip'*'  :ng  an  angle 

of  88°  34'  02". 8522  with  this  line ;  or  prolong  a  line  that  will  make  an  anpi«j  "  57".  1478 
with  the  tangent  to  the  circle  at  the  point;  then  run  5,280  feet  on  this  and  this  will  give 
you  a  second  point  on  the  circle ;  then  place  your  instrument  alternately  at  the  second  and  first 
points,  and  lay  off  the  following  angles  with  this  chord  of  a  mile  long,  and  their  intersections 
will  be  so  many  points  in  the  circumference  of  the  circle. 


rint  point. 

Second  point. 

iMenaodlata 

pmnwofclr- 

O     1  » 

o    <  » 

1 

0  06  36.  70 

1  19  20.  44 

1st. 

2 

0  13  13.41 

1  12  43.  74 

2.1 

3 

0  19  50. 11 

1    6    7. 03 

3d. 

4 

0  26  26.  81 

0  69  30.  33 

4th. 

5 

0  33    3. 62 

0  62  53.  63 

6th. 

6 

0  39  40.  22 

0  46  16.92 

6th. 

Having  como  to  a  point  more  than  half  way,  reverse  the  readings,  and  they  will  give  you 
other  points  commencing  near  the  second  point.  The  greatest  distance  of  the  periphery  from 
this  chord  is  about  thirty-three  feet. 
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III. — Tabulation  of  results  for  (lie  latitude  of  astronomical  station  at  the  Initial  Point  on  the  Rio  Colo- 
rado, twenty  English  miles  Mote  its  Junction  tcith  the  Gila,  derived  from  oltservnlions  made  with 
zenith  telescope  of  Wurdemann,  on  sixteen  pairs  of  stars.  Observer,  Lieut.  N.  M'tMer,  Corps 
Topographical  Engineers,  U.  S.  Army.    Computer,  Joltn  0' Donoghue. 


lit  pair. 

2d  pair.           3d  pair. 

4th  pair. 

Uh  pair. 

6th  pair. 

7th  pair. 

Uh  pair,     j    9th  pair. 

N.  5M  C.  C. 
8.  seo  C.  C. 

N.705 
•  9.713 

N.79I 
,793 

N.798 
A.  804 

N.T90 
P.  P05 

N.  813 
8.  033 

N.650 
8.  845 

N.85W 
8.  864 

N.  934 
8.  934 

1855. 

•  r 

•  f 

33  39  37. IB 
43.08 

•    /  r 

•    /  /' 
33  39  36.03 
41.11 

40.44 

•  f 

39  93  3S.77 
38.00 

«•«»•••  

37.97 
48.6,7 

33  39  41.91 

•      i  ir 

•    /  ii 

•    ,  u 

33  SO  40.110 

39  39  38.71 

33  39  45.94 

43.14 

39  99  38.34 

.............. 

48  57 

45.6*1 
44.05 
39.80 
44.13 

47.«a 

».34 
49.64 

41.33 

33  39  35.37 
44.90 

e  

Lai-  by  ■  mean 

»r  will  f»u.. 

40.13 

40.06 

33  39  40.96 

33  33  43.67 

38  99  45  .  M 

33  39  40.93 

33  39  40.47 

33  99  41.53 

33  99  fl.47 

33  99  39.13 

39  99  40.07 

Tabulation  of  results— Continued. 

Dale. 

HKhpalr. 

lit*  pair. 

13d.  [«ir. 

lJUi  pair. 

14th  pair. 

18«h  pair. 

Final  reauli. 

N.  1010 

N.  1044 

N.  1044 
8.  1040 

1*.  1083 
8.  1009 

N. 1063 
8.  1089 

N.  1004 
8.  1089 

N.  1157 
8.  1175 

Latitude  by  a 

1855. 

-  T" 

-  ^  

•    i  i> 

•      r  ,r 

•    i  1. 

•    i  i, 

•      1  H 

•    <  „ 

•    i  * 



33  39  3C.35 
40.80 

33*3  46.71 

33  39  38.90 

4,..,. 

33  39  47.33 

 •   •  

•  •  





38  45 

39  39  40.04 

33  39  41.19     33  99  39.46 

Lat.  by  a  m 
of  «t  pair.. 

■ 

33  99  47.31 

SB  99  39.83 

39  99  38.73 

31  99  40.04 

38  99  41.19     33  99  39.44 

33  99  46.74 

39  99  41.77  |     33  99  41.77 

Km 4 IE ■.- The  lentth  telceeope  euOYrcd  very  material  iajury  ia  ila  tfuqnrtabo^  la  coaeeqacace  of  the  courrtorpMM  haviiif  bna  wparatrxl  from 
the  Uiitrameol  by  the  breaking  of  a  .crew,  and  knocked  abwu  among  the  other  paru.  The  tangent  acrewa  were  niuMljr  arm,  the  micrometer  .hgbtly 
Mitred,  aiwl  Iho  tpid«r  Uaca  and  levrta  aU  broken.    Being  in  a  coaalry  where  the  lerela  could  not  be  replaced,  the  not  very  etnnlire  oaea  of  a  large. 

d  Ui«  otlMt  injuriw  repaired  by  each  mean,  aa  were  at  hand. 
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Computations  from  observations  on  Polaris,  western  elongation,  for  the  determination  of  the  value 
of  one  division  of  the  micrometer  attached  to  zenith  telescope,  by  Wurdemann,  for  the  U.  S. 
Boundary  Commission.    March  23,  1855. 


No. 

Mtrrviiieler 
mulin«». 

Times  i>r»h 
rliron'r. 

Time  from 
rlmi«Mi»n. 

Curreel'n  l"f 
II. 

Kr<\w<i  li  ni. 

N.if. 

IllflTPDCC 
of  time. 

Itiflit-fdll-e  „f 

Uine  in  are. 

Redne.ion 
to  <l»e 
l-quilt<*. 

lliir  of»i- 
f  fixiM-trr 

ri"u'"""' 

Rrmilliaf 

vii  ur.  orotic 

dlVtMMI. 

».  m.  t. 

*. 

A.  m.  r. 

m.  «, 

1 

6  15  48\0 

SO. Ill 

I.H 

6  15  49.8 

1  toO 

*  »: 

3   7  35.5 

a  15.0 

300 

o.Gsnoo 

a 

17  ia.o 

19.53 

14 

17  13  4 

5 

7  5.9 

1  45  33.0 

9  43.1 

a 

in 

90  5.6 

16.03 

0.9 

90  6.7 

4 

5  43.4 

1  95  35.0 

9  11.0 

150 

0.65500 

4 

too 

91  31.5 

15.19 

0.7 

91  39.9 

3 

4  16.S 

1   4  13  5 

1  351.3 

100 

0.65500 

5 

SO 

33  41.5 

13.79 

0.5 

99  00.0 

9 

1  93.5 

SO  54  .0 

3S.0 

50 

0.64000 

c 

00 

24  III  .3 

12.40 

0.3 

94  19.5 

to  6 

7  «.t 

1  46  31.5 

9  43.0 

7 

100 

47  9.9 

B.AC 

0.1 

97  9.3 

fl  to  14 

111  44.7 

4  II  10.5 

0  95.1 

M0 

0.64183 

I 

ISO 

IK  34.0 

8.10 

0.1 

M  34.1 

13 

1.1  SO.5 

3  50  7.5 

5  51.9 

550 

» 

950 

31  90.0 

5.38 

0.0 

31  90.0 

13 

13  .19.5 

3  99  53.5 

5  91.0 

500 

0.04*0 

10 

350 

34  11.0 

9.53 

0.0 

34  II. 0 

11 

19  :«.s 

3  8  53..'. 

4  49.0 

4.10 

0  64233 

11 

430 

35  55.0 

0.18 

0.0 

3B  41.0 

10 

9  51.5 

4  97  53.5 

3  46.3 

350 

0.64S39 

13 

MO 

>  in  0 

1.S0 

0.0 

3B  10.0 

9 

7  0.5 

1  45  7.5 

9  41.1 

950 

0.64440 

19 

550 

39  40.0 

9.94 

0.0 

39  40.0 

8 

4  14.6 

1    3  39.0 

1  37.4 

150 

0.64*33 

14 

600 

41  4.4 

4.34 

o.o 

41  4.3 

7  to  14 

13  54  .9 

3  98  43.5 

5  19.3 

500 

=  -  ^f39  =  0'  .64639  by  l.t  tciW. 


14 


Time,  by  el 


lei,  of  i 


17  .4 


i  of  l*ol»r»   =  6». 

  =  •  »' 

.  N.  Micbkr,  Top.  Engineer.,  U.  S.  A.   Compnter,  Hugh  Camph.  U. 

Computations  for  the  value  of  one  division  of  the  micrometer,  <fc— Continued. 


No. 

Micrometer  Tim*  of  ol>- 
readim*-     wrvnt'n  by 
piiclrr. 

Time  from 
elongation. 

Concern  tar  Reduced  time. 
II. 

Nos. 

Diffrrcnce 
of  time. 

IhtTerwiee  of 
Date  in  an. 

Rnrtuetlan. 

to  the 
rqiMlur. 

Dtff.  ofmi- 
CTotnet»r 
resiling*. 

Value  of  one 
diru'n  of  the 
micrometer. 

k.  m.  *. 

m. 

5.  m.  t. 

w.  «. 

1 

300 

6  15  48.0 

30.91 

l-S 

6  15  49.8 

13 

13  54.9 

3  7  40.3 

4  47.1 

450 

0.63800 

9 

330 

17  19.0 

19.53 

1.4 

17  13.4 

13 

12  30.7 

9  47  25.5 

4  16.1 

400 

0.64035 

;i 

150 

30  5.H 

16.63 

0  9 

30  6.7 

11 

II  9.7 

3  36  35.5 

3  44.0 

350 

0.64000 

4 

100 

81  31.5 

15.111 

0.7 

91  33.9 

10 

9  45.7 

1  45  31.5 

9  41.4 

250 

0.64560 

5 

50 

93  55  5 

13.73 

0.5 

93  56.0 

8 

in 

14 

13  30  1 

3   7  31.5 

4  46.9 

450 

o.ctvn 

6 

0 

94  19.3 

13.40 

0.3 

34  13.5 

13 

11  5.9 

9  46  3*. 5 

4  14.7 

400 

0.63575 

7 

100 

97   9  9 

9.50 

0.1 

97  9.3 

19 

9  44.9 

3  36  13.5 

3  43.7 

350 

0.63914 

H 

150 

98  34.0 

8.10 

0.1 

38  34.1 

11 

8  90.9 

9   5  13.5 

3  11.6 

300 

0  6*66 

» 

950 

31  90.0 

5.38 

0.0 

31  30.0 

11 

i.i 

1 

95  14.4 

6  18  33.0 

9  3B.3 

900 

0.64355 

10 

350 

34  11.0 

3.5.1 

0.0 

34  11.0 

13 

!■  i 

3 

93  36.6 

5  36  39.0 

8  34.4 

800 

0.64390 

11 

450 

36  55.0 

0.18 

0.0 

36  55.0 

13 

In 

3 

18  12.3 

4  33  4.5 

6  57.5 

650 

0.64330 

19 

500 

3K  19.0 

1.59 

0.0 

38  19.0 

11 

l.i 

4 

15  22.3 

3  50  42.0 

5  53.8 

550 

0.63600 

13 

550 

39  40.0 

9.94 

0.0 

30  40.0 

14 

in 

5  57  49.0 

9  6.5 

fcIO 

0.64394 

600 

41  4.3 

4.34 

0.0 

13  to 

19  33  3 

4  53  19.5 

7  36.4 

TOO 

0.640S6 

H.9S018 


.0 '.64001  dj  9,1  x-rie.. 


= 8.98016 


 •  


.......  t  •••  


lit 
9d  n 


Remit  by 
UtMtnm,  Lieut.  N, 


Top.  Engineer..  V.  B.  A.  Compute!, 


=  mean  of  38 
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Computations  from  observations  on  3  Ursas  ifinoris,  eastern  elongation,  for  the  value  of  one  division 

of  the  micrometer.    March  23,  1855. 


No. 

MK-rcwter 

Tine  of  ob- 
torvu'n  by 

chxon  *r. 

'J^niC  from 

Cimed'n  for  Related  time. 

No. 

• 

Mfr meiwr  Time  of  obaCT 
rwuhnf  •.     tm  '»  »y  chro- 

[""inn1  ffnin 

1  iwri'r  t  n  f>>r 
II. 

Heduero  line 

'■ 

h.  m.  f. 

■i 

A.  m.  ». 

A.  n.  f. 

a. 

k.  m.  : 

t 

400 

||  40  35.0 

3  o 

0.0 

11  44  35  0 

19 

1000 

13  03  06.0 

in  t 

1J.7 

A  A 

0.4 

Id  Of  M  A 

19  03  00.4 

- 

350 

49  59.5 

34 

0.0 

46  53.9 

w 

1050 

03  40.5 

I  J.  1 

ft  41 

tit   Alt  1 

OJ  40.1 

3 

300 

47  36.5 

0.8 

0.0 

47  38.3 

91 

1100 

04  15.8 

13.9 

0.5 

04  15.3 

4 

sso 

48  13.5 

9. 1 

o.o 

48  13.5 

33 

1150 

04  53.5 

14.4 

0.6 

04  51.9 

S 

900 

48  50.0 

1.5 

0.0 

48  50.0 

93 

1350 

08  B4.0 

15.6 

0.7 

06  03.3 

6 

ISO 

49  33.0 

1.0 

0.0 

48  33.0 

.  W 

1.100 

08  40.8 

16.3 

0.8 

06  40.0 

7 

100 

49  as. 8 

0.4 

0.0 

49  58.8 

35 

1350 

07  16.0 

16.8 

0.9 

07  15.1 

8 

SO 

50  35.0 

0.3 

o.o 

50  35.0 

SS 

1400 

07  51.6 

17.4 

1.0 

07  50.6 

9 

0 

51  08.5 

0.7 

0.0 

51  08.5 

37 

1500 

08  58.0 

18.5 

1.3 

08  56.8 

10 

50 

51  43.0 

1.3 

0.0 

51  43.0 

38 

1550 

03  33.0 

19.1 

1.3 

09  31.7 

11 

100 

53  18.0 

1.9 

oo 

53  19.0 

38 

1000 

10  08.0 

19.7 

1.4 

10  H.6 

ia 

54  46.0 

4.3 

o.o 

64  40.0 

30 

1700 

11  31.8 

90.9 

1.8 

II  90.0 

13 

350 

51  19.0 

4.9 

0.0 

55  19.0 

31 

1800 

19  31.5 

S9.I 

9.0 

19  99.5 

14 

450 

58  330 

0.0 

0.0 

56  38.0 

33 

1850 

13  07.0 

S3.7 

3.3 

13  04.7 

15 

550 

57  45.0 

7.3 

0.0 

57  45.0 

39 

1900 

13  44.5 

33.3 

3.3 

13  43.3 

It 

750 

13  00  04.5 

».« 

0.1 

13  00  04.4 

34 

1950 

14  19.6 

33.9 

9.6 

14  17.0 

17 

850 

•1  17.0 

10.0 

0.9 

01  10.8 

35 

14  57.0 

34.5 

8.8 

14  54.0 

IB 

800 

01  51 .« 

11.4 

0.9 

01  51.4 

licmtirh. 


Combination  of  results  for  the  determination  of  one  division  of  the  micrometer,  derived  from  obser- 
vations on  3  Ursai  Minoris  near  eastern  elongation. 


Value,  or 

Roiloctloo  tu 

Valocor 

time*  intra. 

ooediriekon. 

"oftlZT* 

Iknee  In  IK. 

Ui4  equator. 

one  dir'n. 

m.  t. 

•   >  it 

/  n 

■u  «. 

•     i  i< 

i  » 

1 

In 

18 

1300 

13  90.4 

3  31  36.0 

13  45.3 

.83484 

1  la  35 

38  99.9 

7  07  18.0 

95  90.0 

.G33X1 

•J 

Ul 

IV 

1380 

ir,  u-,.a 

4  01  38.5 

14  90  5 

.tasw 

9  to  34 

97  17.5 

6  49  33.5 

94  16.5 

.633 17 

:i 

I" 

•JO 

1350 

16  03.6 

4  00  54.0 

14  18.4 

.63585 

3  10  33 

36  08.0 

6  33  00.0 

S3  15.0 

.83408 

« 

M 

St 

1350 

18  01. 8 

4  00  07.0 

It  17. B 

.63547 

4  to  33 

9100 

84  53.5 

6  13  33.5 

if  J  w.o 

.63385 

5 

t  ' 

M 

1350 

16  01.9 

4  00  98.5 

14  10.9 

.63474 

5  to  3L 

9000 

33  38.5 

5  51  53.5 

31  03.3 

.63165 

6 

Ul 

■-!3 

1400 

16  40.3 

4  10  04.5 

14  51.0 

.6XH 

6  to  30 

1850 

91  57.0 

5  39  15.0 

It  33.4 

.63373 

7 

m 

•it 

1400 

It  41.9 

4  It  19.0 

14  51.9 

.63771 

7  to  39 

1700 

30  07.8 

5  01  57.0 

17  55.4 

.63986 

e 

to 

1400 

It  40.1 

4  10  01.5 

14  50.9 

.63635 

8  to  38 

1600 

18  56.7 

4  44  10.5 

It  59.3 

.  Wjr.V 

9 

to 

as 

1400 

It  43.1 

4  10  31 .5 

14  53.7 

.63764 

#  9  to  37 

1500 

17  48.3 

4  97  04.5 

13  51.5 

.63433 

HI 

37 

1450 

17  13.8 

4  18  37.0 

15  30.8 

.63503 

*10  lo  98 

1330 

16  08.6 

4  09  09.0 

14  99.8 

..Will 

11 

tl> 

3S 

1450 

17  19.7 

4  IB  10  5 

15  19.8 

.63433 

11  10  35 

1350 

14  37.0 

3  44  15.0 

13  18.3 

.EJ335 

1-3 

In 

2"? 

1300 

15  30.0 

3  SO  09.0 

13  40.1 

.63077 

13  to  94 

1000 

11  54.8 

9  58  43.0 

It  37.0 

.63700 

13 

til 

JJ 

1350 

16  01.0 

4  00  15.0 

14  16.1 

.63474 

13  to  33 

SO) 

10  45.0 

2  41  15.0 

9  35.9 

U 

to 

31 

:t: 

1350 
1300 
1100 
1100 
1100 

13  57.3 

3  58  33.5 

14  13.0 

.63185 

_£  

in 

1st 

■in"*  — »  n  pom 

in 

IS  10.7 

3  49  53.5 

13  39.3 

.  K3*Zi 

•Jil  *rn.M — inran 

o.eunr. 
0.63473 

1C 
17 
16 

in 
10 

to 

j:i 

31 

13  00.3 
13  00.8 
13  OJ.B 

3  IS  04,5 
3  15  03.6 
3  13  43.0 

11  36.3 
11  35.3 
11  37.5 

.O.T»:<) 
.63300 
'.63409 

Rtttilt  by  i  Vrtm 

Miiiopii  

=;  0.63466 

Final 
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SOXORA  LINE — MOXl'MKNTS. 


IV. — TalJe  showing  the  triangulated  distances,  in  metres  and  yards,  bettcetn  the  different  monu- 
ments of  the  survey  of  thai-  portion  of  the  boundary  line  running  from  the  Initial  Foint,  on  the 
Colorado  river,  to  the  intersection  of  the  parallel  31°  20'  00"  north  latitude,  and  the  meridian 
1110  00'  00"  west  of  Greenwich. 

Triajigulutlon  by  IJeut.  X.  Mirin.cn,  Mr.  A.  0.  V.  Sriinrr,  and  Seftor  A.  Diax. 


Yard.. 


Point,  on  Ike  Colorado  river,  to  Monuaimt  I . 


1  to  Monument 

tl  lo  Mod. 

uncut 

III.. 

Ill  co  Man. 
IVloMon. 

menl 
u»oni 

V  to  M°najnrnt 

VI  to  Moi. 

VII  to  Moo 

VIII  Ui  Hon 
IX  id  Moo 

iioeiil 

X  to  Mom 

. . . . .  ...... 


Monument  XV  to  Monument  XVI 
Monument    XVI  to  Monument  XVII 

Mo.um.nt  XVIHo  Monumeni  XVIII  

Moaumoot  XVIII  to  Monument  XIX  


Total  length  of  line  . 


I,  ill  Birer  bottom,  near  Ihr  I 
II,  Iron. 

III,  erected  nn< 

IV,  Mlcrra  de  laa  ■; 
V,  tnem  del  Tol«. 

VI,  Sierra  del  A«aa  Dulee. 
VII,  M 
VIII,  a< 
IX,  H. 

X,  »»l  ndec  of  Sierra  de  la  Nana. 
XI,  on  the  war*  i 


Xll,ca.t  rkd(*.  of  firm  de  la  1 

X I I I,  on  Ike  road  from  Tubac  to  Cohma. 

XIV,  mem  4*  la  Union. 
XV,  Kerra  del  Po 

XVI,  near  Oj™  de  lo,  < 

XVIII,  tl.erra  de  lo.  Pajarho.. 


I  and  parallel) 
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c. 


Astronomical  observations  for  establishing  the  With  meridian  of  longitude,  west  of  GreemcicJi,  and 
for  determining  the  parallels  31°  47'  and  31°  2&  north  latitude  :  By  John  H.  Clark. 

The  four  manuscript  volumes  which  have  been  submitted  to  the  U.  S.  Commissioner,  embrace 
a  complete  tabulation  of  all  the  observations,  both  for  latitude  and  longitude,  made  along  the 
parallels  of  31°  47'  and  51°  20\  It  will  be  seen,  by  a  reference  to  these  volumes,  that  each'of 
the  stations  has  been  determined  in  latitude  with  a  zenith  telescope,  (T.  &  S.,)  by  about  one 
hundred  observations,  and  two  in  longitude,  with  a  transit  of  thirty-six  inches  focal  length, 
by  observations  on  tho  moon  and  moon  culminating  stars. 

In  accordance  with  the  direction  of  the  Commissioner,  tho  stars  for  latitude  were  at  first 
selected  exclusively  from  the  Greenwich  Twelve-year  catalogue.  At  Espia,  however,  it  wag 
found  that  this  catalogue  no  longer  afforded,  in  that  portion  of  the  heavens  then  observable, 
a  sufficient  number  of  pairs  that  would  fulfil  the  conditions  required  for  sa^iactory  results. 
It  was  therefore  deemed  expedient,  in  the  exigencies  of  the  survey,  to  rely  subsequently  almost 
wholly  upon  the  British  Association  catalogue. 

It  was  found,  by  combining  the  results  of  observations  on  about  thirty  pairs  of  stars  taken 
from  this  catalogue,  that  any  error  in  the  final  result  awing  from  errors  of  polar  distances  was 
materially  reduced  ;  and  although,  by  comparing  the  means  of  the  observations  on  each  pair, 
there  seemed  to  be  in  some  cases  errors  of  polar  distances  developed,  all  the  results  were  never- 
theless incorporated  to  obtain  the  one  adopted ;  nor  was  a  single  observation  rejected  because  of 
its  apparent  inconsistency  or  want  of  parallelism  with  any  previous  or  subsequent  result  obtained 
by  it  or  by  any  other  pair,  except  at  one  station,  (Agua  del  Perro.)  where  the  instrument  was 
mounted  on  a  rock,  (no  timber  being  attainable,)  and  tho  observations  otherwise  rendered  objec- 
tionable by  the  violence  of  the  wind.  Thus  the  result  of  every  pair,  whether  high  or  low,  and 
without  rofcrence  to  tho  "  general  run,"  has  been  included  in  the  "  means"  used  to  obtain  the 
latitude  adopted. 

A  subsequent  and  careful  revision  in  the  office  of  the  computations  made  in  the  field  has  dis- 
closed no  considerable  error. 

A  brief  summary  of  the  observations  and  results  of  all  thp  stations,  and  a  reference  to  the 
tables  which  are  appended,  are  here  given  : 

1.  The  observations  at  Los  Nogalcs  for  determining  tho  111th  degree  of  longitude  west  of 
Greenwich,  extending  through  two  lunations,  and  computed  from  data  furnished  by  the  Nautical 
Almanac,  gave  the  result  as  shown  by  Table  I,  110°  61'  01".95,  (7"  23"  24'.  13).  Tho  latitude 
deduced  from  120  observations  on  29  pairs  of  stars,  taken  from  the  British  Association  cata- 
logue, is  (see  Table  II)  31°  21'  00".48. 

2.  Seventy-three  observations  on  23  pairs  of  stars,  selected  from  British  Association  cataloguo, 
give  for  the  latitude  of  tho  station  near  the  head  of  Rio  Santa  Cruz,  (Table  III)  31°  17'  5G".33. 


3.  At  San  Bernardino  there  were  57  observations  on  21  pairs  from  British  Association  cata- 
logue, and  the  latitude  deduced  therefrom,  (Table  IV,)  31°  19'  40".38. 

4.  Tho  result  deduced  from  97  observations  on  28  pairs  of  stars  gives  for  the  latitude  of  San 
Luis  spring  (Table  V)  31°  20'  31".51. 

5.  At  Agua  del  Perro  there  were  81  observations  "on  25  pairs  of  stars  selected  from  both  cat*- 
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logues,  (British  Association  catalogue  and  Greenwich  catalogue,)  and  tho  latitude  deduced, 
(Table  VI,)  31°  20'  57".56. 

6.  The  observations  at  Espia,  made  on  23  pairs  of  stars,  partly  from  the  Greenwich  Twelve- 
year  catalogue  and  portly  from  the  British  Association  catalogue,  amount  to  81,  and  give  for 
the  latitude  (Table  VII)  31°  2C  5fi".4o. 

7.  The  latitude  of  Carrizalillo,  resulting  from  72  observations  on  14  pairs  of  stars,  selected 
entirely  from  tho  Greenwich  Twelve-year  catalogue,  is  (Table  VIII)  31°  50*  55".23  ;  longitude, 
(Table  IX)  7"  11-  44'.26  =  107°  56'03".9. 

8.  The  result  for  the  initial  point  on  the  Rio  Grande,  obtained  from  108  observations  on  22 
pairs  of  stars,  selected  also  exclusively  from  the  Greenwich  Twelve-year  catalogue,  is  (Table  X) 
31°  46'  51".29. 

TABLE  1. 


Results  for  longitude  of  astronomical  station  at  Lwt  Nogales,  east  of  the  intersection  of  the  With 
degree  of  longitude  and  the  parallel  of  31°  20"  north  latitude. 


Authority  for 
flemcnu  uard. 

RoculM  for 
noon's  1>i 
limb. 

Dote. 

Aathortly  for 

ReMiha  for 
moon-*  M 

Date. 

Authority  for 

krruJM  for 

TT'' 1,1 

Authority  fur 

Keenlu  for 
«oo»'.»d 

hub. 

taw. 

ft.  M.  1. 

IMS. 

».  K.  1. 

A.m.  «. 

I8JS. 

4.  m.  i. 

Mar  34 

N.  A.  A.  Ra. 

7  83  19. 'JO 

May  so 

N.  A.  A.  IU. 

W  «3.94 

June  «t 

N.  A.  A-  B*. 

7  33  43.93 

Jon*  M 

N,  A.  A.  IU. 

7  IB  1C.7C 

S3 

......do  

90.41 

31 

 do  

S8 

 do  

3* 

 do  

17.14 

at 

87.93 

July  I 

...... do ...... 

».78 

an 

a».e7 

s» 

95.78 

1 

Mean  longitude  (torn  monn'a  !« 

Mean  longitude  from  monn'f  3d 

Nmh  7*.  <Z3m. 

Mean  lungiliide  ltom   rooon'i  lit 

Mean  k 

niitudr  IVon  moon'a  9d 

Men  I 

oagltude  (Mm.  boo^.^ 

k.  m.   r.  A.  m.  r. 

Mom  loagttnde  from  l»l  lamlion   7  93!£1.10    Mean  longitude  from  2d  lunation   7  33  33.81 

Moan  lOBgliatfc  Ifcron  3d  lunation   aa.nl 


Longitude  ot  Station   7  S3  34.43 


Date. 

Beralu  tor  longitude  during 
iwu  lunationa. 

Dale. 

ReelllU  for  loci;]  lutl'*  during 
tiro  lunations. 

1855.' 

A.   m.  *. 

1855. 

A.    m.  i. 

May  24 

7    23    19. 200 

Mity  31 

7    23  26.710 

25 

7    23  20.410 

June  22 

7    23  42.930" 

26 

7    23    27. 920 

28 

7    23    15.  &84 

28 

7    23    32. 8*0 

28 

7    23    16. 764 

29 

7    23    25. 7S0 

30 

7    23    17. 140 

30 

7    23  23.210 

July  1 

7    23  2U.7£0 

Longitude  of  Lew  Xogolcs  by  a  ineun  of  the  above  result*,  (the  one  adopted,)  7A.  23m.  24.13<<. 
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TABLE  II. 


Tabulation  of  result*  for  the  latitude  of  astronomical  station  at  Lcs  Nogalcs  derived  from  observa- 
tions made  icith  a  zenith  telescope  (T.  <£•  S.)  on  twenty-nine  pairs  of  stars :  Btj  J.  H.  Clark, 
lJrincipal  Assistant. 


1st  pair.    3d  pair. 

3d  pair.  |  4Ui  pair.    5lh  pair.    6lli  pair. 

7Ui  pair,    blh  pair. 

9th  pair. 

lOUipair. 

lltll  pair. 

iSlli  pair. 

- 

"»'••          n.  A  O.    B.  A.  c. 

•  3.  3995      8.  3Wfi 
(  X.  1026      X.  4«8 

B.  A.  C.    B.  A.  <:.    n.  A.  C.    It-  A.  C. 

4110      X. 4!*»      S.  4iW      N.  4iK! 
X.  402U      S.  41«      X              9.  431s 

11-  A.  C.    B.  A.  C. 
X.  43W      8.  4*6 
3.  -Kill*     X.  44(4 

B.  A.  r. 
».  43SK 
X.  4415 

11.  A.  C. 
S.  43«« 

x.  lias 

B.  A.  C. 
i.  4Mn 
N.  4600 

B.  A.  C. 
X.  4406 

rt.  4571 

• 

ir  >i 

/.  H 
60.45        00  42 



i,  u 
  63. 78 

■ 

63.33 

u 

n 

• 

«  







oj.ua 

64.01 

00.39  60.70 
5S.12  5<.»6 
59  35        M  M 
59.45         81  .59 

60.85  03.33 
59.36  59.83 

00  11  63.74 

01  00  04.73 

61.  e  7 

61.04 
64.01 
ta  3a 

03.39 
59.05 
M  13 
61. S9 

05.18 
60.37 
03.39 
6J.K 

WW 
19  04 
80.43 

63.35 

Mean  of  each  pair..     MM       59. 61.7H 

58.75 

59.53         60  49 

60  33  69.48 

63.41 

61.01 

e.» 

59.83 

TABLE  II— Continurtl. 


I30i  pair- 



14th  pair 

15Ui  pair. 

16th  p.lr.  17ihPair. 

IPlh  pair.  MUi  pair. 

aOUipatr.  41.1  pair.   «W  pair 

23d  pair. 

34111  pair. 

n.  a.  c. 

N.  4115 
8.  4575 

B.  A.  C. 
S.  4575 
X-  45U5 

B.  A.  C. 
9.  4575 

II.  A.  «:.     11.  A.  0. 
X.  4711     ».  4737 
«.  4723     X.  47  II 

n.  a  c. 

H.  4Sll> 
N.  4943 

B.  A.  (.'. 

x.  i!*:i 

8.  4*23 

B.  A.  C. 
X.  4961 
8.  4991 

B.  A.  f. 
8.  5075 
N.5131 

B.  A.  C. 
N.  5157 
S.  51-9 

R.  A  C. 
X.  5175 
8.  4334 

B.  A.  C. 
8  .  5944 
N.53A9 

1655. 

60.93 
56.44 
59.55 
W.X9 
58.78 
59.66 
59.51 

03.66 
57.70 
«0.«> 
01.69 
59.CI 
61.12 
60  54 

5S.3S 
59.07 
58.43 

59.3S 
57  K, 
59.91 

w 

" 

59  M 
60.31 
GO. 58 

ft              ■  It 

Gl/Jl         01. 01 
rrf  la       on  14 

r.' 

56  67 
56.  re 
55  03 

• 

61.73 
09  63 
63.89 

63  05 

59.01 

99  

61.38 
60.08 
61.75 
61.00 

to.er 

60.W 
59.91 

56.66 

60.34 

60. .YJ 
63.51) 

61  33 
G9.S3 

61.43 
69.59 

59.49 
59.1* 

61. » 
63.14 

7  

i'J.SH  

01.94 

59.96 

60.51 

59.44 

58.49 

80.34 

63.04 

60.M 

50.39 

59.69 

TABLE  II— Continued. 


95th  pair. 

V.Oi  pair. 

98Ul  pair. 

SSUipoir. 

Latitude  by  a 

lit  rrnUL 

2d  mult. 

3d  rr.ult. 

Final  malt. 

0.  A.  C. 

B.  A.  C 

B.  A.  C 

B.  A.  C. 

B-  A.  C. 

mean  of  «a?h  Latitat  by  a 

I.at  .by  a  mean 

Lai.  by  a  mean 

Mc-an  of  lie 

8.  5*4 

8.  538? 

a.  5368 

s  saw 

8.  5507 

nijiil. 

of  aU  tbe  ob 

•3d,  and  3d  r.- 

N«  5338 

N.5388 

N.5388 

X.1563 

N.  5583 

fYrvauuii*. 

rnch  nulit. 

60.64 

59.54 

58.97 

58.97 

88.74 

Jl  90  60.33 

59  til 

59.6* 

58  86 

88.08 

00.10 

31  90  59. « 

CO.  75 

5980 

99.63 

11  90  59.78 

31  90  61.61 

31  90  59.79 

Jmm  $••.*•* •  ... 

61.80 

60.97 

60.19 

50.05 

60.19 

31  90  81.13 

ea  .w 

61.99 

60.45 

31  90  61.33 

 1 

MaaaafaacopaU. 

... 

w  as 

».oa 

58  64 

DO.  01 

»1  90  60.45 

11  til  80  55 

11  90  60.43 

31  90  80.49 

*  0*t  Max  muUi  at  lb*  laailb.  |N.,  alar  uuXh  at  Un  aaoiUi. 
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TABLE  111. 


Tabulation  of  results  for  the  latitude  of  astronomical  station  at  head  of  Santa  Cruz  river,  derived 
from  observalio7is  made  tvith  a  zenith  telescope  {T.  &  S.)  on  twenty-three  pairs  of  stars:  By  J. 
II.  Clark,  Principal  Assistant,  assisted  by  C.  X.  Turnbull,  Lieut.  Corps  Top.  L'ng'rs,  U.  S.  A. 


1.1  pal/.       3d  pair. 

i 

M  pair.      4Ui  pair.      5«h  pair. 

7ili  pair.      (ita  pair.      *D  pair. 

101 1.  pair. 

D-  A  C.       B.  A.  C. 

sua !».      XAi  x. 

3533  X.  MMi. 

D.  A.  i.\ 
3742  8. 
3*11  X. 

B.  A.  C.       B.  A.  C. 

>*.  *.      3*0  a. 

n.  a.  c. 

3B0SH. 
4ft»  X. 

B.  A  C. 

40. -.7  N. 

41. V.  ri. 

B.  A  C. 
4a-,ti  X. 

4156  8. 

B  A  f. 
4177  N. 
4212  3. 

B.  A-  C. 
4241  ». 
42ASX. 

1&S5. 

May  10  

t 

5B.23 

u  ' 

57. SO 
1?  .23 

n 

53.15 
53.16 

i- 

53.41 

54  e» 

13  18 

55.57 
57. S3 
57.07 
56.  CO 

52,l» 

X  55 

5853  5076 
56.09  55.75 

51. »1 
52.74 

51.  IS 
52.00 

55  64 

52.M 



54.77 

Mean  of  each  pair. 

M.a§  53.19 

17.4. 

16.50           55,  PO 

56, «5 

52.5. 

52,* 

1 

54.19  55.68 

TAIH.E  m-Continuerl. 

Bait. 

lllb  pair.     I2tli  pair. 

lCfcti  pair. 

1  Itil  pair.      I5dti  pair. 

Ifllh  pair.     17th  pau.     10th  pair. 

19Ul  pair. 

20Ui  pair. 

n.  A-  C.      H.  A.  <: 
42S2  N.        431  j  N. 
4319  3.         -13^  r<. 

H.  A.  C. 

m.s  x. 

4175 

11.  A.  c.      n.  A.  f. 
4346  N.        4346  N. 
4,3*6  S.          4i75  S. 

D.  A.  C.       B.  A.  C. 
47W4  ri.         4.Trw  P. 
Vf*  X.        4415  X. 

B.  A  C. 
4»*  S. 

4."Aj  X. 

B-  AC 
43>«  S. 
4600  X. 

B.  A.  C. 
44f*  X. 
45:5  0. 

1SAJ. 

May  10  

57  38 
56.47 

—  — 

>- 

,. 

5*  ia 

SC. 03 
57.59 
U.M 

56.37         ju,:i«  57.73 

57  38 

57.  W 

58.42 

56.77 

55.59 

Mran  cf«a«h  pair. 

55.50 
47.31 

55  35           5". 53  53.32 
54.92           58.61  5173 

CI  .90  72 

i>.08            5*.  47 

56.H0 
57.95 

58.54 
59.X 

57.85 
57.06 

56.W 

3R.90 

65.54           57. ft}  56.59 

5?.W  5S.P9 

57.09 

58.92 

56  S3 

TABLE  III— Continued. 


Dale. 

9l»t  pair.      2*1  pair.      S3d  |>»lf. 

i.atltir.l«  by  a 
im-an  of  each 
nialit. 

1ft  result. 

2d  remit. 

3d  rc.ull. 

Final  result. 

D.  A.  C. 
4415  X. 
4575  S. 

B.  A.C. 
4575  8. 
4595  X. 

n.  a.  r. 

4575  3. 
4000  X. 

I.ni.nid«  by  a 
mean  of  tacli 
pair. 

I.autnd*  hy  a 
mean  ofalllhr 

observation.. 

of  lli<-  rciulu  for 
eacti  niglil. 

Mranof  Ul.ftl, 

1*55. 

rt 

55  « 

f 
53.60 
54.77 

w 

54.74 
45.WI 

•    .  .i 
31  17  56.38 
31  17  5fi.03 
31  17  54,62 
31  17  56.67 
31  17  56 .54 

•   t  it 
31  17  56.30 

•     •  H 

31  17  56.32 

•   <  * 
31  17  56  38 

.   .  « 
31  17  55.33 

56.51 
57.46 

51.65 
56.94 

57  55 
59.30 

Mean  of  cacb  pair. 

57.07 

14. S9 

56.39 
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TABLE  IT. 


Tabulation  of  results  for  the  latitude  of  astronomical  station  at  San  Bernardino,  derived  from 
observations  made  with  a  zenith  telescoj*  (T.  d:  S.)  on  twenty-one  pairs  of  stars:  By  j.  H. 
Clark,  Principal  Assistant,  assisted  by  H.  Campbell. 


Date. 

1.1  po.tr.         Hi  |>«ir. 

SJpair. 

4ib  pair- 

Sib  pair.         Clh  pair. 

7ih  pair.         Sin  pUr.        9lh  pair. 

B.  A  C. 
3317  3. 

B.  A.  C. 
3416  X. 
3500  8. 

B  A.  C. 
35*1  S. 
3533  N. 

B.  A.  C. 
3850  9. 

B.  A.  C.         II.  A.  C. 
3i60  N.            3711  8. 
3650  8.           3911  N. 

B.  A.  0. 

M«  8.  . 

-a. 

n.  a.  c 

3U19*. 

39.W  X. 

B.  A  C. 
3953  N. 
3999  8. 



i&u. 

iJ.Ti 

40  07 
49.00 

39.31 

37.16 
38.01 
35.94 
3i.5J 

•11.69 
43.35 

40.33 

40  m 

" 

40.71 

41.51 

49.03 

40.97 
49.80 

i!l  ffi                 Jl  ftA 

41.18 
41  33 

40.78 

40. S9 
40.44 

41.04 
41.37 

Mean  or  eacli  pin 

40.23 

36.46  41.07 

«... 

41.19              41.30  41.75 

40  75                39  95 

TABLE  IV-CVnliuucd. 

Data. 

I0tl>  paH. 

1  Ithpair.  litlipair. 

13tb  palf. 

Mia  pair. 

15th  pair. 

171b  pair. 

]°lh  pair. 

B.  A.  C. 
3B95  8. 
4096  X. 

B-  A.  C-         B.  A- 
3995  8.           4059  N. 
4038  X.           4100  9. 

B-  A  C.         B.  A.  C. 
4177  N.           494*  8. 
4942  8.           4itti  N 

B.  A.  C. 
4383  X. 
4310  8. 

B.  A.  C. 
4903  X. 
4310  8. 

B.  A.  C. 
438*8. 
4408  N. 

B.  A.  C. 
4415  S. 

I  too. 

ff 

■  it 

u 

■t 

■/ 

•i 

* 

Mean  of  each  pal/ 

40.87 

41.38  35.9S 
41.13              41  116 

38.30  36.77 
38.18  38.39 
........    ....         40 23 

39.04 
39M 

3B.I8 

39.65 
40.97 
38  "J 

44.03 
41.68 
41.07 

45.51 
43.91 
43.45 

38.58 

41  35             W.65             3»  96             38  46 

'  39  16 

38. Si 

43. M 

44.05 

TABLE  IV-Contlnued. 


Data. 

19th  pair. 

90lli  pair. 

31  rt  pair. 

Latitude  ujr  n 
swan  oT  eacli 
ul(ht 

9d  remit- 

M  remit. 

Final  reudt- 

B.  A.  C. 
4479  N. 
4513  8. 

B.  A.  C. 
4575  8. 
4595  N. 

B.  A-  C. 
4575  8. 
4600  N. 

LMi:nda  b)  a 
oicaa  of  tact) 
pair. 

l.ntitLiile  by  a 

uacae  of  all  the 
ob*<:rvnur>Jia. 

LatUade  bj  a  mean 
of  Uic  raaufte  lbr 
each  nifltt 



Litnuda   bjr  a 
aieanor  l«t,9d| 
aiid  ~M  rcaulu. 

1855. 

/ 

•   *  >t 
31  19  40.45 
31  19  40.14 
31  19  40.55 
31  19  39.1»7 
31  IV  40.74 

31  19  40.49 

.    ,  .. 
31  19  40.35 

•   i  « 
31  19  40.37 

•    <  « 
31  19  40.30 



40.69 
40.84 

40.07 
30.77 

42.43 

41.50 

Mmii  areata  pair.... 

40.74 

30.91 

41.07 
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table  v. 


Tabulation  of  results  for  the  latitude  of  astronomical  station  at  San  Luis  Springs,  derived  from 
observations  made  tcilh  a  zenith  telescope  (T.  d:  S.)  on  twenty-eight  pairs  of  stars:  By  J.  H. 
Clark,  Principal  Assistant,  assisted  by  Lieut.  TurnbuU. 


1.1  pair. 

2r)  pair. 

3d  r«ir.     4Ui  pair.    515  pair.    6tl>  pint     TUi  pair. 

i 

B  A  C. 
3170  H. 
3290  N. 

B.  A.  C. 

3i:os. 

33WN. 

B.  A.  (..    11.  A.C.    B.AC.    B.  A.C.    B  A.  C.  ' 

awl  h.    .DrM(".    xn:  a.    3ii6  n.  :om:(. 

M»N       3397  X.      3364  N.      3500  8.      3533  X. 

1853 
16  

33  90 
33  16 
31.59 

.13.0.1 

31,1(1 
33,3V 

33.45        33.31        31.  53        93.13  31.44 
3i  .18        33  61        30.95        27. 83  32.51 
33. IU         34. 29         .11.43         08.03         31.93  ' 

33.13 

Menu  of  well  pair. . 

32  M        33  .71 

33.40        33  70        31.33        2". 43  33.55 



»Ui|«tif.    Pilipalr.    lOtbpalr.  1  llhpajr.  l!ah  pair. 


B.  A.  C,     B.  A,  C. 
354k  N.      3580  X. 
a.      3450  8. 


B.  A  C. 
3743  8. 
3611  N. 


29  US  33  73 

23.34  31  *S 

3*. 74  31.15 

33  30  33  .17 


i!8..17 


9  75 


30.03 


.11 


33.64 
31  91 
33.57 
33.14 
33.09 

31  67 


B  A.  C 
3843  8. 
3358  N. 


33  63 

34  00 
33  13 
33.  84 
31  1 


1)  A  C. 
3919  ». 


-  I 


3J.15 


39.13 

30.73 
33.34 
31.15 
30  97 

31.06 


TABLE  V— Coutiiiti.-d. 


13th  pair. 

14U1  pair. 

15th  pair. 

Ifilh  pair 

I7ih  p>tr. 

IMh  pair. 

19th  pair 

90UI  pair. 

31.1  pall. 

434  pair. 

93d  pair. 

24UI  pair. 

;  B-  A.  C. 
'  3953  X. 
3993  S. 

n,  a.  <;. 

399.'i  !". 
4036N. 

B-  A.  C. 
3995  8. 

  . 

B.  A.  C. 
2894  8. 
298-1  X. 

B  A.  i\ 
•»*4  N. 
3000  3. 

B.  A.  C. 
SIUH4  M. 
30U3  Jt. 

B.  A.  C. 
4U59N. 
4156  H. 

B.  A.  C. 
434S  8. 
4383  .V. 

B  A.  C. 
4318  8. 

B.  A.  C. 
43*1  S. 
4319  S. 

B.  A.  C. 
4345  N. 
4388  S. 

B  A.  C. 
4346  X. 
4388  8. 

1815. 

26.95 
27.  IS 
98.51 

33.33 

33.10 

1 

31.47 

30.65 
25.60 

33.45 

37.96 

31  55 

31.65 

31.47 

31  35 

33.54 

30.16 
31  06 

27.08 

33  41 
31.45 
31.36 

33.38 

33.33 
33.75 

37.14 

28.41 

32.96 
34.30 

37  63 

9S.U8 

34  10 

Mean  of  caeh  pan . . 

37.48 

1 

33.33 

33  10 

31.47 

89.20 

31.35 

27.47 

33.41 

33  04 

33.13 

31.35 
• 

33.54 

TABLE  Y-ContimieU. 


4-.Hi  pair. 

4$th  pair,  j  37Ui  pair. 

98U  pair. 

l»t  mult. 

3d  re»ulL 

3d  result. 

Pinal  remit. 

B.  A.C. 
4408  N. 
4383  S. 

B.  A.  C. 
4415  X. 
43WS. 

B.  A.  C. 
3059  S. 

30SS  N. 

B.  A.  C. 
4177  X. 
4313  S. 

Laiinde  by 
a  iDvaii  of  cnvcli 

Latitude  by 
a  mean  of  each 
pair. 

Laiitadc  by 
a  mean  of  all  the 
observation*. 

1  <at.hr  a  mean 
nf  the  reantu  for 
each  aifhr.. 

Mean  of 
In, 3d,  and  3d 
naalu. 

1855. 



/. 

•     •  t* 
31  90  31  49 
31  20  33.00 
31  30  31.47 
31  20  31.43 
31  30  31.58 

•     i  « 
31  90  .11.51 

31  29  31.48 

•      r  >• 
31  90  31.55 

•     r  » 
31  90  31. Si 

33.13 
33.36 
33.90 

33.55 

34.61 
33.39 
34  IB 
33.99 

Mca4>  of  each  pair . . 

97.03 
29.28 

.  •  •  «      •  •  .  , 

99.71 
97.54 
29.03 

33.98 

34  04 

26.45 

28.76 
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TABLE  VI 


Tabulation  of  results  for  the  latitude  of  astronomical  station  at  Agua  del  Perro,  derived  from  ob- 
servations made  with  a  zenith  telescope  [T.  d-  S.)  on  twenty-five  pairs  of  stars:  By  J.  U.  Clark, 
Principal  Assistant,  assisted  by  II.  Campbell. 


l»t  pair. 

9d  pnir. 

3d  pair 

4th  pair. 

Sill  pair. 

8rJi  pair. 

7Ui  pair. 

8Ui  pair. 

Uth  pair 

;0lb  pair 

— ,  _ 

Urn  pair. 

o.  a 

038  S. 
815  N. 

C.  C 
63*  S. 
677  N". 

G.  C. 
618  N. 

B.  A.'  C. 

9493  H. 

9494  N- 

B.  A.  r. 
9540  P. 
9509  N. 

B.  A.  C 
9*M  N. 
UO00H. 

B.  A.  C. 
260.1  H. 
2715  X. 

B.  A.  C. 
9A94  8. 
S9»4  N. 

0.  A.  C. 
9984  N. 
3D09il. 

B.  A.  C. 
306*8. 
3K5N- 

B.  A.  C. 
3170  8. 
3990  X. 

1814. 



/' 

ft 

" 

., 

56.  U3 
57.08 
56.98 
57.50 
57.69 

„ 

58.70 
58.08 
46.94 
57.96 

„ 

58. 35 

57.34 

5  

47.31 

57.19 

69.89 

60.  P2 
56.69 
CO  14 

55.73 
54  38 
5J.57 

57.71    |  59.49 
56.97  57.39 
55.94  60.61 
45.94  47.08 

57.93 
51.44 

57.67 
47.76 

Mom  of  neb  palx  

57.94 

57,9 

59.89 

56  33  59.19 

55.58 

57.79 

57.05 

57.69 

56.64 

58  36 

TABLE  VI— Continued. 

19th  pair. 

130i  pair. 

Mill  pair. 

I5Ui  pair. 

I6lh  pair. 

17ih  pair. 

16th  pair. 

IVlh  pair. 

90th  pair 

-~ 

99d  pair. 

D.  A.  C. 
3170  8. 
3497  ft. 

D.  A.  C. 
3904  8. 
3*0  N. 

B.  A.  C. 
32M  8. 
39V7N. 

B.  A  C 
3397  8. 
33*4  X. 

B.  A.  C. 
34IC  N. 
3500  8. 

B.  A.  C. 
:U23rt. 
3533  N 

B.  A.  C. 
3548  X. 
3650  8. 

B.  A.  C. 
ajoo.v. 

3850  8. 

B.  A.  C. 
3749  8. 
3611  X. 

B.  A.  C. 
3849  K. 
MX  N. 

B.  A.  C. 
3919  8. 
3953  X. 

1655. 

08.38 
58.58 

56.73 

" 



56.98 
58.17 
57. 44 
06. Kl 
57.08 

54  IH 
55.98 

80.49 

58.73 

45.94 
55.63 
56.35 
5j .  &j 
54.47 

58.46 
58  19 
58.99 

57.38 



60  X, 

58.74 

57.43 
MM 

60.94 
59.89 
80.65 
48.64 

45.80 
46.14 

:  

57.54 
58.49 
59.39 

58.49 

53.69 

57.98 
58.61 

45.76 
53.90 

Mean  of  each  pair  

58.91 

58.09 

59.53 

56.75 

55.91 

58.77 

65.66 

68.06 

67.69 

59.83 

TABLE  Vl-Continued. 


93d  pair. 

941b  pair. 

SSthpair. 

Latitude  bjr 
a  mean  ofcacb 
nighl. 

Final  reaull. 

B.  A.  C. 
3853  N. 
3999  8. 

B.  A.  C. 
3U90  8. 

B.  A.  C. 
3904  r*. 
40WX. 

Latitude  by 
aiucano'eacb 
pair. 

Latitude  bj  a 

im-mi  nl  all  Ihc 

Lai.  by  a  mean 
of  lb*  rotulia  for 
each  Bbjbl. 

Meaa  at* 
lit,  9d,  aad  3d 
mulu. 

1844. 

iy 

31  90  57.41 
31  99  57.44 
31  90  57.43 
31  SO  57.83 
31  90  17.08 

31  90  17.67 

31  90  57.18 

31  90  57.43 

* 

31  90  47.46 

54.97 
48.76 

48.77 
47.44 

49.84 
48.97 

58.10 

59.4, 
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TABLE  VII. 


Tabulation  of  results  for  the  latitude  of  astronomical  station  at  Espia,  derived  from  observations 
made  with  a  zenith  telescope  ('/'.  dt  S.)  on  itcenty-thrcc  pairs  of  stars:  By  J.  II.  Clark,  Principal 
Assistant,  assisted  by  Lieut.  Tumbull. 


lit  pair. 

3d  pur. 

3d  pair, 

4Ui  pjir, 

Mil  pair. 

Cik  pair. 

7Ui  pnir. 

Mi  pair. 

Sib  pair. 

iatii  pair. 

Dale. 

O.  C. 

or. 

<i.  c. 

B.  A.  c. 

11.  A.  C. 

0.  A.  C. 

B  A.  C 

B.  A.  C. 

B.  A.  C 

D.  A.C. 

«3c  a. 

6JS8. 

alios. 

9605  8. 

-.K>1  8. 

3961  X. 

300?  8. 

30fti  s. 

674  X. 

CT7  N.          67H  X. 

t 

'tMl  N, 

9115  N. 

9!HM  X. 

aims. 

iSiM  N. 

3a»X. 

3JU0N. 

idii. 

., 

,. 

■  • 

»                n  n 

•                  n  ■ 

63  39 
41.74 

55.117 

53.34 
50. -17 

5S.77 
51.77 

57.15 
51.53 
57.94 

55  15 

56  99 

57.55 
55.  09 
57.53 
57.01 
56.64 

53.70 
54.33 
5S.M 
55.64 
5i.lt 

5V0I 
13.66 
56.16 

51  05 
14.S0 
55.75 
5.-..M 

54  39 

57.67 

•  •  

57* 

1  

47.17 

Mean  of  each  pair... 

54  15 

1 

54.95 

55.73 

57.33 

55.46 

57.33  55.49 

56  71 

45.13 

57.17 

TABLE  VII-Xontinued. 


111.  pair. 

ISUipair. 

13th  ,»u.  MUipair. 

I5U.  pair- 

16U!  pair.     ITMi  pair.     IMii  pair. 

B.  A.  V. 
3170  8. 
3397  Pi. 

B.  A.  C. 
3JU4  S. 
3990  N. 

B  A.  fj. 
3JWSS. 
3J97.V. 

B.  A.  C. 
:CM7  s. 
3384  .N. 

B  A.  C. 
3416  X 

35U0  8. 

B  A.  C. 
3.-.33  S. 
3533  N. 

B.  A.  C.       B.  A  C. 
3610  N.         3749  «. 

3m  a.      San  n. 

B.  A  C. 

:«H9  s. 

3656  X. 

B.  A.  C. 
3919  S. 
3953  N. 

1653. 

« 

56  33  56.19 
MM  57.66 
37.43  57.15 
56.91  57.76 
59.09  57.58 

57,59 
56  33 
57.99 

56.31 
56.91 
57.49 
55.65 

57.04 
57.03 

57  08 
56  19 

55.81 
57.08 

54.91 
51  51 

54.  b: 

*     46  19 

56.39 
5e.e9 
5*  .91 
44. « 

57.94 

Mean  of  each  pair... 

56.67 

56.35 

49.W 

50.31 

4*67 

S6.71 

57.53 

56  64 

55.19 

57.39 

56.39  57.95 

56.46 

46  67 

TABLE  VH-Continued. 


1B45. 
Marcs  94  

35  

.  96  


■29, 
31. 


vllat  pair. 


fair.       £M  r>ilr. 


In  f-ni:t. 


!  B.  A.  < 
]  3999  S. 
I    3953  N. 


54.9S 
53.96 
53.97 


B.  A.  C. 
3!H»  t». 
4090  N. 


B.  A.  C. 
3995  0. 
403B  X. 


56  70  I 
57.14  ! 


r>f  each  pair, . 


53.78 


56.33 


58.03  I 
53,94  I 


57.69 


Laiitade  by 
a  mean  of  vacb 
najht. 


31  90  56.56 
31  90  56  14 
31  39  56.33 
31  90  56  31 
31  90  56.94 
31  90  56.13 


■.annul*  l>y 
iwui  of  e»cl 
jtoir. 


31  *,  ^5,56 


9d  mull- 

3d  raaulu 

Pinal  mult. 

Latitude  by 

Laiilvdu  by  a 

Liililuilt'  \>y  * 

a  nran  of  all  lac 

inraa  of  tat  rvralla 

mean  nf  1*1,96, 

ODM-rratfoiia- 

fix  oath  night. 

an<l  3d  mulu. 

•     i  » 

•    i  n 

<  « 

31  90  96.43 

31  »  66.37 

31  90  56.45 
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TABLE  VIII. 


Tabulation  of  results  for  the  latitude  of  astronomical  station  at  Carrixalillo,  derived  from  observa- 
tions made  with  a  zenith  telescope  (T.  <t  S.)  on  fourteen  pairs  of  stars:  By  J.  U.  Clark,  Prin- 
cipal Assistant,  assisted  by  H.  Campbell. 


u,„,  «P-. 

4lh  pair. 

5th  pair. 

SUi  pair. 

7lh  p»ir. 

Sib  pair. 

9th  pur. 

lOUipair.  Ilth  pair. 

G.  C. 
3f»N. 

ma. 

c.  a       o.  o. 

414  N.         41*  N. 
400  8.          400  8. 

C.  0. 
401  X. 
503  8. 

C.  C. 
570  N. 
556  8. 

C  C. 
MS  N. 
5898. 

o.  c. 

«S3N. 
(MB  8. 

G.  C. 
747  N. 
714  8. 

G.C. 
747  N. 
715  8. 

C.  C. 
7S7  N. 
7WS. 

C.  C. 

ms. 
mat. 

1853. 

>• 

&5.C9 

» 

" 

56.73 

« 

53  13 
54.10 
54.84 
54.50 
58.50 
55.39 

ss  so 

54  64 
54.47 
53  87 
.V.  39 

* 

54.78 
53.88 
51.10 
53.41 

S5.ll           55  85 
51.00  51.39 
43  77  55.8? 

SS.M 
M.41 

57.73 
54  71 
54.64 
53.07 
54.41 
33.81 
54. « 
54.84 

33.40 
53  OS 
55.39 
54.00 





57.89 
56.75 
51.83 
57.98 
56.80 

55  41 

57.  Tl 
54  (0 
57.18 
5S.37 



50.99 
50.W 

inn 

54.74 
54.13 



56.W 

58.70 

5?.« 

55.115 
54.43 

V.  «3 

 •  

um 

V,  ft.1 

ISM 





  -  -  ■  -  -   

».aa 

53.61  56.37 

56.91 

54.77 

54.78 

56.59   '  58.33 

58.51 

54.50  53.73 

TABLE  VIIT— Continued. 


Trt'y  94. . 


37.. 

2-. 

c. 

7.. 
13. . 


13th  i 


C  C. 
WON. 
871  8. 


G.  C. 

6*0  ff.  797  N.,  C.  C. 
939  it.     3995  8  ,  B.  A.C. 


53.91 
54.71 
54.78 


54.57 


15.41 

55.38 


54.88  . 


Mtw  of  neb  pair  |  55.74 


51.! 


55  94 


55.04 


50  54 
50  54 

50 
50  54 
50  55 
SO  56 
50  54 
50  51 
50  55 
50  53 
50  55 


i  of  all  the 


Ut-byi 
»f  the 


31  50  53.SO        31  59  55.19 


3d  mall. 


■  r  cicw  rf  1.1,3d, 


31  50  55.S1 


31  50  53  S3 
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LONOITUDB. 


TABUS  IX. 

licsults  for  longitude  of  Carrizalillo,  east  of  terminal  point  of  parallel  31°  47'  north  latitude. 
Observer,  J.  H.  Clark:  Computer,  H.  Campbell. 


B,.ul,.f,.r»««.  Mi,, 
l.l  limb. 

Auth»r(<T  Ihr^H. 

K"allt  tot  Ion- 
tHuit*  from  muon'a 
M  link. 

1855. 
Feb.  23 
24 
25 
2G 
27 

March  1 

2 

JJ.  A. 

A.  m.  » 
7  11  36.  138 

46.  S04 

47.  792 
35.  1 1 1 
43.  990 
41.259 
42.  067 

1855. 
March  3 

N.  A. 

A.  m  t. 

7  11  56.  145 
51.  290 
41.910 

A.  m.  « 

Mean  longitude  from  moon'i 

h.  m.  i. 

Mw»n  longitude  from  moon's  2il 

Mcnn  longitude  from  mwm'st  1st 

limb   41.S04 


Mean  longitude   .7*  11m  45  84j. 


Ibintlu  (hr  Inngtnulr  from 
moon's  Hi  uid  9d  lintx. 

k.  m. 

#. 

Feb. 

23 

7  11 

36.  13fl 

24 

46.  304 

25 

47.792 

26 

35.  1 1 1 

27 

43.  990 

March 

1 

41.  259 

2 

42.  667  i 

3 

56.  145 

4 

51.  290 

7 

41.910 

Mean  longitude  adopted   7A.  11m.  44.28*. 
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TABLE  X. 

Tabulation  of  results  for  tlie  latitude  of  astronomical  station  at  the  Initial  Point  on  the  Bio  Grande, 
derived  from  observations  made  with  zenith  telescope,  (T.  tt-S.,)  on  Ucenty-ttco  pairs  of  stars:  By 
J.  H.  Clark,  principal  assistant,  assisted  by  H.  Campbell. 


• 

la  pair. 

Odpur. 

3d  pur. 

4lhpur. 

ilb  pair. 

G.  C, 
194  X. 
M4  8. 

'Jill  p.nr. 

7ih  pur. 

8th  pur. 

Mi  pair.   <  lOtkpair. 

1 

c.  c. 

18  X. 
170  8. 

fl  c 

o.  c. 

IS  X. 

asi  s. 

0.  c. 

IK  N. 
IBS  8. 

C  C- 
170  8. 
977  N. 

O.  1'. 
903  N. 
944  8. 

GO. 
904  8. 
987  N. 

O.  C 
930  9. 
967  N. 

-  1 
O.  C.    /    c.  c. 
944. 8.    1     951 8. 
959  N.    •    977  N. 

1 

ISM. 

51.90 

" 

49.17 
50.91 
51  eo 

59.07 

a 

40.04 
40.85 
.VJ.30 

50.87 

If 

89.87 



49.75 
51.78 

60. OB 

49.40 

50.43 

M.JO 

50.70 
51.43 
50.73 

51  .89 
31.58 
53.00 

51.44 
50.31 

50.67 

59.09 

50.90 
53. SI 

53.79 

50.77 
50.74 
M  US) 

50.03 
80.88 
59.49 

Mem  of  fich  [Mir, . , 

59.90 

40.40 

51.00 

50.43 

59.35 

51.41 

50.07 

so.  :a 

50.10 

TABLE  X — Continued. 


llih  pair. 

18th  pur. 

13lli  pair. 

Hiapur.  |  1Mb  pair. 

Mill  pur. 

17U1  pur. 

lBUipur. 

19th  pair. 

901.  pur. 

0.0. 
907  X. 
9718. 

0.  C. 
311  X. 
345  8. 

o.  c. 

370  8. 
389  .V. 

C.  C. 
389  X. 
400  S. 

O.C. 
400  8. 
414  N. 

O.C. 
400  8. 
410  X. 

o.c. 

430  N. 
448  8. 

o.  c. 

461  N. 

505  8. 

O.  C. 
556  8. 
3T0  X. 

o.c. 

588  N. 

589  8. 

/• 

50.73 
51.09 

» 

51.58 
51.97 
50.84 

" 

50.91 
40.10 

59.35 
51.17 
50.30 
51.84 
51.40 

n 

« 

51.35 
51.99 
50.04 

WTO 

51.95 
51.33 
48.86 
50.99 
59.18 
51.93 
50.64 
51.93 

IT 

53.40 

" 

51.10 
53.85 
59.91 

53.18 
51.76 
50.77 
50.80 

•i 

39.54 

/i 

59.04 
50.53 

ii 

51.89 

51.77 

53.05 

1805. 

50.91 

51.89 

51.  (8 
59.11 
51.44 

50.08 
50.87 
50.19 



51.58 
50.01 
50.67 
50.49 
51.33 
59.11 

59.93 
59.30 
59.51 



53.13 

53.99  53.99 
88    i  50.50 

51.07 

49.88 

53.88 

51.85 
53.16 

50.19 

49.90 

Mnmofeoeli  pur... 

51.11 

51.85 

50.99 

63.13 

51.05 

53.04  51.69 

59.54 

51.60 

51.09 

Vol.  1-24 
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TABLE  X-CoutitmcJ. 


Dale. 


Dcc'r  r,. 


1S5S. 

1   

9  

3  

«  

9  

II.... 

13  

M   

li   


21.1  piir. 


r.  c. 
f,:j  \ . 


ij  :i 


jmlr.  . 


49,50 


9il  piir. 


<!  r. 
IV.-.I  V. 
0-H  8. 


iJ  Ul 

il.fi.-. 


51.10 


53  !0 


I.atltu.le  I  y 
a  menu  ni  «.-li 


31  46  :.l  .93 
31  4G  51  as 
31  «  50. M 

31  «s  :.i  ,»3 
3i  «  sn  :s 
31  43  aw  19 
31  46  51. U 
31  «  51.39 
31  48  5J  29 
31  48  51. OS 
31  tfi  51  13 
31  48  ii.U 


3.1  molt. 


3d  remit. 


Flnnl  rerult. 


I^itundL'  t»y  I.nti(n4c  by  LiuttiMl*  by  a  Mran  nl 

iliifMu  earti      n  nu-aii  *tf  nil  the  iul-;iii  nl  the  re.ult*     Ul,  9tl.  and  3d 
pair.  aUcrvall'Mi«.        fi.r  mrli  iiiglu.  rr«.iaH» 


31  49  51.33 


31  4li  51  3D 


!l  4«  51  r. 


31  4!  50  » 


9.— Azimuth*  for  layiny  of  the  prime  vertical  of  station*  from  1  to  8,  inclusive. 

tht  xnifal  point «t  parattd  31 3  47'. 
JANUARY  7,  1855. 


80  59  5">  6 


in  Irae  meridian,  prrrioualy  d«.i 
uiln.'J  by  lr»,i.ll  olMMtallon* 


Vet.  A. 

I!. 

c. 

0. 

A. 

B. 

> 

•      /  r 

•  i 

•        1  1: 

•    ,  „ 

90  00  00 

ISO  00  41 

a:o  w  o; 

1*0  00  00 

970  00  IS 

359  Ml  55 

W  59  10 

88  50  55 

100  00  00 

aa»  59  51 

ai»  59  45 

ISO  00  05 

970  00  15 

380  00  10 

90  00  00 

«l  59  V. 

180  03  03 

s:u  on  ml 

35a  oa  ua 





I  BO  00  01.6 


970  Oil  OJ.3 


isj  o:i  iij 


CHaesvatv/ntfor  tlx  ddermnation  of  (A*  trtu  mtrtdian  at  San  L<ia  Springs. 
APIIIt.  SO,  1-55. 


in 

£  t  *. 

Beading  oi 

azimuth  rirrlc,  Iclaeojic  di- 
rected on  etar. 

Reading  of  azimuih  circle  when  pl'ae  of  instrument 

5"S  J> 

S    i  M 

I   *    *  . 
•    *  0 

12  |  E 

o  a 

J*s 

Vcr.  1. 

2. 

3. 

4. 

Vcr.  1.    1  2. 

3. 

11  41  It 
1154  14.7 

i»o;go.» 

101  99  15 
IKI  90  30 
l»l  91  10 

471  99  10 

271  S3  a-. 
971  94  10 

1  99  15 
I  96  15 
1  94  00 

91  99  15 
91  96  35 
01  94  05 

179  58  93.9     909  58  19.4 
1T9  58  U.7     969  58  09.7 
179  5*  93.9     989  56  98. 9 

:>S9  58  19.4  «  59  90.9 
359  58  00  8S  58  09.9 
359  58  19      69  58  94 

1  30  54.1 
1  98  13.3 
1  95  41.10 

Chronometer  94111 1*  fat 

Ofc.  4fc*.  0.A7*. 
Tiw  muling  or  ax.mutti 

circle  when  fetor-cope 

»•«  dlmclcd  on  elf  • 

tiftl  c»*ru. 

179  58  *1.5      208  59  19.3 

359  56  19.8    89  58  18.9 

Errw  nf  nigiial  (p>ib  true 
m«  rid  iaii  west  of  north 

- 1  -jr. a. 

N»  I. 
9. 
:i 
•! 


........   


1  37.5 

1  40.7 

1  47.3 

1  4I.S 


1  41.8 
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9.— Azimuths  for  laying  off  the  prime  vertical,  etc.  —  Continue  J. 


OUfirjtwnifor  Cr  ..Vtnm«       -/  ft  tr«t 
AIKH.  i!.  185.V 


cl  Urn  fa  t  S/>  iuyr. 


ll 

m 


of  atliuiilh  rifflr, 
dinri  0  on  >U«»1- 


Vo».  I. 


Ver.  1 


4 


-  7  -i 

int  «r  ati  niii)i  circle  wi.c.i  pUnc  of     |  j  I 


e  j  ?  . 

£  |  ;  I  R  IlIU 


Vcr.  1. 


a.  «•>  i.  " 

II  11  *i.ll31 


■i:  -J.)  ici 


loan  87  an  a:  souo  »o  i'.  isu  oo  oo  no  oa  iu  o  oj  •>-.  eu  n>      im  .%m  i  i  ksju    ai. » .>  ,  o  :o 


11  ll  55  791  93  3o  tel  21  wsti  «•     i  9)        oo  3j  iiu  oo  a-,  nu  oo  x.  u  uu  v.  «i  3»  a;  I  ro     ir.  i  SJ9  .vs  ui  i  i  se  41  11  *i  .vi.v  1  t  «7 
u  31  ur.  7»i 
11  41  HO  691 


I?  40  181  I 
14  40  151 


4.371  17  3.1  17  SO. 


'   ..«.-....-      - 

14  959:1  14  401  14  SOW  01  0,100  00  4i   r.o  PI  W  0  01  JO  HI 

so  oj  a»  wo  00  i<Ui  no  00  aa.s  0  00  i3  3  09 


.9  nr..  1  irv  v  vj.i  a  19  :«  0...  1  .  /.»  11 

1.9  50  .V>    900  AO  10     1  5u  *o 


<  If  31  1> 
I  li  XI 


So  49.0  l-.M  is  34  oa*  3a  40...  J  ill  57.71 


.V.43 
.V.  VI 


I  40  39 


I  4J  33 
I  41.80 

I  41  US 


of  the  tm 
APRIL  98,  1855. 


at  Sttn  Dt.  nzrdino. 


ft-:       Hridliif  of  uUi.uUi  circle,  tclncopo  directed 
ou  >tnj. 

Itcadiui  of  ulmmh  clrelc,  telescope  directed 
an  tibial. 

If 

ill 

i*S     *cr.  1 
P 

2 

3 

4 

Vcr  12  3 

* 

SI  51  01  4 

a  oi  o7.» 

21  08  Ul  K 


B»  59  5J 

a  an  35 


Si  13  SI  »    90  00  ft". 


179  59  X.  i  909  50  40 
179  59  40  939  59  45 
179  53  45  3JJO0OJ 
179  »4J    370  00  07  5 


0  OO  45  i 
0  03  !5 
0  0O4J 

■ 

0  00  li 


91  I:  40    Irl  II  35 


S7I  11  45 


91  II  30  181  11  27  5    SI!  11  40 

I  i 

91  II  30  IC1  11  37  5    371  11  40 

01  11  UJ  Itl  11  37.5    371  11  40 

  I   ' 


1  U  Oi  1 
lllll  l 
I  UOO 
I  l  l  on 


1 1  49  75 
II  50.6 
11  41 
II  Oi 


7f  ?  . 

HI! 

< 


I  41  51  41 
1  43  U  -.6 
I  U  25.  * 
1  41  IBU, 


m 

I  I  i 


30  CO. 7 1 
30  50.  IS 
3J  v».-to 
30  3. .90 


iE.orX.m30'  48"-JJ. 


Arstt, »,  U.M. 


11 

of  asliuwli  cl<rlr,  itilv-cong  dltcclcd 
i«  .lit. 

Iteullui  of  oaimuUi  cm-  .•,  id»c<| 

»■  t||.M|. 

n  directs!   .    j  U 

,   ?  "  i 

I'll 

,i  1 1 

*  - 

.  B  a 
«l  JZ  > 
»•  ~  - 

VtT.  1 

2 

3 

4 

Vcr.  1 

2 

3 

jj  "  i  f 

« « I  i 
< 

A.  «.  ».     *    '  " 
SI  M  47.1  JM  »  W 

•    i  > 

a»»  io 

•    i  > 

rs  ;.!)  u 

•    <  ^ 
M»35 

•    f  K 
I  II  45 

•    .  r» 
91  II  31.5 

•    »  w 
181  11  11 

•    >  » 
«:i  li  ou 

i  it  a  a? 

•  »  p> 

1  41  «.4I 

a  01  37 

Jim  .w  3i 

a  a  u 

• 

i»  a  15 

■J  »  »  a-. 

1  II  41 

91  11  31. J 

181  11  41 

911  II  *l 

1  11 11  34 

1  41  40.00 

a  ii.M 

»  30  01.9 

•  01  91 

90  01  Ol.J 

101  UO  31  5 

97V  UO  31  5 

1  ll  a. 

91    1  15 

181  11  40 

mi  n  «  , 

i  n  i .  *>; 

1  41  41  Kl 

3'  31  W 

Emir  Of         inn  inw  murtdlan  U.  at  Ni  =  Ow 
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2.— Azimuths  for  laying  off  (he  prime  vertical,  etc.— Continued. 

Obeervattoru  far  the  delermmation  <f  the  hue  meridian  at  San  Bernardino— Coutinucd.  • 

APRIL  30,  1855. 


ss 

I! 

■S  £  3 

Beading  ofaiiBMrtli  circle,  leleaeope  directed 

Reading  of  ulnuUi  clrrl>,  teleecop*  directed 
OD  >ifwU. 

9 

f  S  I 

^  £  t 
;   i  I 

liu 

t  I  1  s 

Hi 

H 

Ver.  1 

■ 

3 

4 

Vcr.  1 

2 

3 

4 

9  t   -  r 

iall 

A.  m.  •- 
SI  33  3B.3 

358  47  SS 

68  48  00 

178  47  45 

988  47  40 

359  59  45 

80  5*  50 

179  S»  40 

969  39  90 

1  11  48.73 

1  4147.33 

SI  49  Or.  II 

338  47  45 

88  47  40 

178  47  43 

96*  47  30 

358  59  45 

W  58  SO 

179  f»  X 

969  59  35 

1  11  S8.7S 

1  4S  53  .35 

30  51.69 

S3  09  35.0  330  47  45 

88  47  55 

178  47  40 

986  47  35 

339  39  49 

was  40 

179  »  95 

"8MW 

1  11  48.19 

1  42  21.04 

30  33.99 

I  IF 

Error  of  tlgaal  from  true  rocridifcn  ........      39  49.03 

April  W,«t|n«l  from  true  meridian   39  95.94 

April  28,  .ignal  from  mi.  meridian   30  48. 37 


Meaa  error  of  iigiul  from  trw  acrtdlu  B.  of  19.     30  n  II 


Odamviftort"  for  the  determination  of  the  true  meridiem  at  camp  near  the  head  of  At  Santa  Cnu  titer. 

MAV  10,  1853. 


S  2 

a  "  . 

Ml 

O  of 

l*s 

Heading  of  uimuih  circle,  telescope  directed 
on  tur. 

Reading  ol 

on 

tie,  leleacop 

e  directed 

£  15 

*  s  i 
Sll 

e   C  O 

s 

till 

*tH 

•  i! 

°  •  * 

Vcr.  1 

2  3 

4 

Ver.  1 

• 

3 

4 

ft.  «.  1. 

.    .  „ 



*>        i  (• 

.    ,  ,, 

*>      1  rV 

91  41  51  8 

170  03  11 

960  03  90  350  03  99.5 

60  03  30 

179  59  45 

■m     i , 

359  59  SO 

89  59  55 

9  50  98  .87 

1  49  59.09 

6  13  34.78 

91  55  39.9 

170  03  15 

900  03  10  350  03  13 

80  03  SO 

179  59  45 

989  59  30 

X.3  50  X 

89  59  50 

9  59  9S.7U 

1  49  54.07 

8  13  34.03 

9J  10  37.8 

170  03  15 

900  03  10  350  03  17 

80  03  95 

179  59  45 

999  59  35 

359  59  50 

80  39  55 

9  SS  99.50 

1  49  35.46 

8  13  54.39 

Error  oftignul  on  true  nrrtdian  Weet  of  >onn,  8*  131  41  MO. 


OUervottonj  at  the  tnterseetion  if  the  parallel  31°  20'  and  the  lllth°  of  Um$ituJe  u  tu  from  Greenwich  for  'J.r  dcUi  muwtxm  of  Vie  true  mendun, 

JUNE  14,  1855. 


IS  . 

Ml 
Ill 

I1* 

Beading  of  Ail  iu  tnli  circle,  leteecope 
directed  on  «ur. 

Beading  of  autumn  circle,  lekKope 

P  > 

l*i 
IH 

J" 

1*1 

«  s  5 

■ 

Ver.  1 

2 

3 

Ver.  1 

».  >>.  •. 

91  43  19.5 
91  51  34.5 

190  18  43 
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9.— Azimutte  for  laying  off  the  prime  vertical,  <fc.— Continued. 

at  tht  mlertttion  e/  tiu  parotid  31°  iO'  and  the  \l\thfl  ef  hf\g***U  uxit  from  GrctnwA,  l[e.— Coutlnuod. 
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10.— Elements /or  marking  parallels  of  latitude  31°  2V  and  31°  47'. 
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10.— Elements  for  marking  parallels,  <tc.— Continued. 
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One  hundred  mile*  of  parallel  of  31°  47"   =  .    1   <l   57. 55 

Longitude  of  initial  point  of  parallel  on  Bio  Bravo,  (by  ounrey  froin  Froutera.)  „.  106    31  26.40 


Longitude  of  terminal  point  of  parallel  31=  47'   108    13  24.05 

Longitude  of  toraloal  point  of  parallel  31»  20,  (by  treaty)   =   111    00  00.00 


o      >  ■> 

Length  of  parallel  31°  10  — in  arc   =  2     46     35.  95 

Do  do  in  yard*   2B8964. 03 

Do  do  in  feet   866492.10 

Do  do  in  milca  and  feet   =  1«*  milea  +  972  feet. 

One  degree  of  parallel  of  latitue  31°  47'   =     103. 570.  85  yarda. 

One  minute  of  do  do   I.  Tit  14  « 

Onoaecondof  do  do   28.77  " 

Or  In  feet   =  310 

One  degree  of  parallel  of  latitude  31°  20'   =     104,069.2  yard*. 

One  minute  of  do  do   1,734.487 

One  ottoood  of  do  do   28.  908  " 

Or  in  f*»t   =  724 

From  parallel  SP  20'  to  81^  47'  =  17'   =   81  ml lr»  +  6. 37  feet 

One  degree  of  meridian  (middle  latitude  being  3P  33})   =    121,248.43  yard*. 

Onr  minute  of.... do  do  do   2,020.807  " 

OneOecondOf  ...-do  do  do   8J.  680  •< 

Or  In  fee*  *   ==  101.04 


Digitized  by  Google 


ASTRONOMICAL  POSITIONS 

ALOSS 

THE  RIO  BEAVO  DEL  NORTE. 


d.— boundary  line  formed  by  the  rio  bravo  del  norte. 

Office  of  Survey  of  the  United  States  and  Mexican  Boundary, 

Washington,  J).  C,  May  22,  1856. 

Sir:  In  my  communication  of  February  9,  1856,  I  presented  to  you  the  final  results  for  the 
longitudes  of  the  astronomical  station,  established  under  your  direction  in  the  year  1853,  near 
the  mouth  of  Rio  Bravo  del  Norte,  the  same  having  been  computed  with  corresponding  observa- 
tions made  at  Greenwich,  Philadelphia  High  School,  and  Radcliffe  observatories. 

I  have  now  to  present,  in  a  tabular  form,  the  individual  results  of  all  the  observations  made  by 
you  and  under  your  orders  for  the  longitudes  and  latitudes  of  the  primary  astronomical  positions 
on  and  near  the  Rio  Bravo  del  Norte,  established  in  connexion  with  the  survey  of  the  United 
States  and  Mexican  boundary. 

I.—  Longitudes. 

The  positions  thus  determined  are  eight  in  number,  being  enumerated  as  follows  in  the 
order  of  placo  from  the  west : 
a.  Frontera. 
o1.  San  Elceario. 
6.  El  Paso  del  Norte. 

c.  Mouth  of  Canon. 

d.  Presidio  del  Norte. 

e.  Fort  Duncan,  Texas. 
/.  Ringgold  Barracks. 

g.  Mouth  of  Rio  Bravo  del  Norte. 

All  the  observations  made  at  these  places,  together  with  the  computations,  as  well  as  the 
elements  and  data  used  therein,  are  herewith  presented  in  a  tabular  form,  comprising  the  corre- 
sponding observations  made  at  Greenwich,  Cambridge,  Philadelphia  High  School,  and  Radcliffe 
observatories.* 

Attached  to  this  is  also  a  recapitulation  of  the  results,  from  which  arc  deduced  the  final  longi- 
tude adopted  for  each  station,  the  pajwrs  being  marked  a,  a1,  6,  c,  d,  e,f,  g,  to  each  of  which 
I  will  briefly  call  your  attention. 

a.  Frontera. — The  observations  at  this  place  extend  through  four  lunations,  commencing 
December  29,  1851,  and  ending  April  6,  1852;  making,  as  combined  in  table  (I,)  the  longi- 
tude:^" 6"  13V02  west  of  Greenwich. 

•  Thwe  compuUtioai  «ro  to  U  depodtod  In  the  Department  of  the  Interior,  In  manoacript  torn. 
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a1.  San  Elceario. — Moon  culminations  were  observed  at  this  place  simultaneous  with  those 
observed  at  Frontera.  These  observations  extend  through  a  period  of  five  lunations,  com- 
mencing January  29,  and  ending  June  3,  1852  ;  making,  as  combined  in  table  (II,)  the  longi- 
tude of  San  Elceario=7k  5"  4*. 43  west  of  the  meridian  of  Greenwich. 

This  result,  however,  as  well  as  that  above  given  for  Frontera,  has  been  corrected  by  com- 
bining with  them  the  difference  of  longitude  of  these  places,  as  determined  by  flashes  of  gun- 
powder simultaneously- observed  at  Frontera,  El  Paso  del  Norte,  and  San  Elceario,  on  the 
nights  of  February  14,  18,  19,  and  March  14,  1852,  (see  table  III,)  by  which  it  appears  that 
San  Elceario  is  east  of  Frontera=l"  7'.30,  whilst  that  deduced  from  moon  culminations, 
1-  8'.59 ;  difference,=l'.29. 

The  longitudes  of  Frontera  and  San  Elceario,  as  determined  from  moon  culminations,  being 
corrected  by  half  the  difference  gives  for  the  final  adopted  longitude  of  Frontera  7'  6*  12'.37 ; 
San  Elceario,  7k  5-  5\07. 

b.  El  Paso  del  Norte  being,  as  determined  by  flashes,  15\94  east  of  Frontera,  it  is  therefore 
in  longitudc&T"  5"  56\43  west  of  the  meridian  of  Greenwich. 

c.  The  astronomical  station  "near  the  mouth  of  the  Cation,"  on  the  left  bank  of  Rio  Bravo  del 
Norte,  is  in  longitude=7"  2'"  29VU6  ;  having  been  determined,  in  the  absence  of  moon  culmina- 
tions ,  by  thirteen  flashes  of  gunpowder,  simultaneously  observed  at  that  station  and  San  Elceario, 
on  the  night  of  June  21,  1852,  to  be  2"  36V0  east  of  San  Elceario.— (See  tible  IV.) 

d.  The  astronomical  station  near  Presidio  del  Norte,  on  the  left  bank  of  Rio  Bravo  del  Norte, 
was  determined  by  a  scries  of  moon  culminations,  observed  during  a  period  of  two  lunations,  com- 
mencing July  26,  1852,  and  ending  August  29,  1852,  determining  its  position  to  be  6*57"39\02 
west  of  the  meridian  of  Greenwich. — (See  table  V.) 

e.  The  astronomical  station  near  Fort  Duncan,  Texas,  was  determined  to  be  in  longitude 
6k  42*  1\78  west  of  the  meridian  of  Greenwich,  from  observed  moon  culminations,  commencing 
October  19,  and  ending  October  27,  1852,  combined  as  per  table  herewith  marked  VI. 

/.  Ringgold  Barracks  is  in  longitude  6"  35"  G*.  1 9,  as  determined  by  moon  culminations  observed 
on  ten  nights  during  the  months  of  June  and  July,  1853,  the  several  results  being  combined  as 
per  table  herewith,  marked  VII. 

g.  The  longitude  of  the  astronomical  station  near  the  mouth  of  the  Rio  Bravo  del  Norte  has 
already  been  discussed  by  me,  as  presented  to  you  in  report  of  February  19,  1856,  (herewith  ap- 
pended, marked  g,)  to  which  I  refer  you  for  the  conclusion  of  the  subject  of  the  longitudes  of  the 
primary  points  on  the  Rio  Bravo ;  it  explains  in  detail  the  manner  in  which  all  the  observations 
and  computations  have  been  tabulated,  for  which  reason  I  have  not  herein  before  made  reference 
thereto. 

II.  Latitudes. 

The  two  volumes  herewith*  (marked  Latitudes,)  contain,  in  a  tabulated  form,  all  the  individual 
observations  made  by  yourself  with  the  zenith  instrument,  for  determining  the  latitudes  of  all 
the  primary  astronomical  stations  on  and  near  the  Rio  Bravo  del  Norte,  from  Frontera  down  to 
its  mouth,  with  the  exceptiou  of  San  Elceario  and  Fort  Duncan  ;  of  these  two,  the  former  was 
determined  in  1851,  by  Lieutenant  Whipple,  topographical  engineers,  by  transits  of  stars  over 
the  prime  vertical,  and  the  latter  in  1852,  by  Lieutenant  Michler,  topographical  engineers,  by 
circum-meridian  altitudes  of  N.  and  S.  stars  observed  with  a  sextant. 

"  To  be  deposited  in  tbe  Department  oi  the  Interior. 
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The  tables  appended  present  a  recapitulation  of  all  the  results  for  the  latitudes  of  the  primary 
stations,  giving  results  which  have  been  adopted,  as  follows,  viz  : 

a.  Frontera,  by  a  mean  of  106  observations  made  by  W.  H.  Emory,  on  twenty-four  pairs  of 
stars  observed  near  the  zenith,  is  determined  by  combining  the  results,  as  in  table  herewith, 
marked  VIII,  to  be  in  latitude  =  31°  48'  44".53. 

The  table  marked  IX,  indicates  the  corrections  derived  from  actual  observations  of  the  stars 
at  the  Washington  Observatory,  which  corrections  have  been  applied  as  indicated  in  table  IXa. 

b.  San  L'lceario*  was  determined  by  Lieutenant  Whipple  in  1851,  by  twenty  prime  vertical 
observations  on  eight  stars,  to  be  in  latitude  31°  35'  12".62,  the  individual  results  being  com- 
bined as  shown  in  table  X. 

c.  Astronomical  station  near  the  mouth  of  Canon  is  in  latitude  31°  2'  26".15,  as  determined 
by  Major  Emory  in  1852,  from  fifty  observations  on  twenty-one  pairs  of  stars  near  the  zenith  ; 
the  individual  results  being  combined  as  shown  in  table  marked  XI.  Table  XIa,  shows 
the  corrections  which  have  been  applied  as  indicated  in  table  XI,  in  order  to  introduce  the 
stars'  elements  as  given  in  the  "  Twelve-Tear  Catalogue." 

d.  Astronomical  station  near  Presidio  del  Norte  is  in  latitude  29°  34'  7".13,  as  determined  by 
Major  W.  H.  Emory  in  1852,  from  121  observations  on  twenty-six  pairs  of  stars  near  the  zenith, 
combined  as  shown  in  table  marked  XII.  Table  Xlla,  shows  the  corrections  which  have 
been  applied  as  indicated  in  table  XII,  in  order  to  introduce  the  stars'  positions  as  given  in 
the  "Twelve- Year  Catalogue." 

e.  Fori  Duncan  (Eaglo  Pass)  is  in  latitude  28°  42'  43". 67,  as  determined  by  Lieutenant  N. 
Micbler,  topographical  engineers,  in  1852,  from  eighty-seven  altitudes  of  north  and  south  stars, 
observed  with  a  sextant,  combined  as  in  table  marked  XIII. 

/.  Ringgold  Barracks  (observatory)  is  in  latitude  26°  22'  27". 79,  as  determined  by  Major 
Emory  in  1853,  from  107  observations  on  thirty-two  pairs  of  stars  near  the  zenith,  combined  as 
shown  in  table  marked  XIV.  Table  XI Va,  shows  the  corrections  which  have  been  applied 
as  indicated  in  table  XIV,  in  order  to  give  to  the  stars  their  positions  furnished  in  the 
"  Twelve- Year  Catalogue." 

g.  The  astronomical  station  near  the  mouth  of  Rio  Bravo  del  Norte  is  in  latitude  25°  57'  2 1".83, 
as  determined  by  Major  W.  H.  Emory  in  1853,  from  129  observations  on  twenty  pairs  of  stars 
near  the  zenith,  combined  as  shown  in  table  marked  XV. 

The  papers  herewith  have  been  arranged  in  this  manner  with  a  view  to  facilitate  you  in  pre- 
paring them  for  such  further  use  as  you  may  deem  best. 

Very  respectfully,  your  obedient  servant, 

GEO.  THOM, 

Captain  Topographical  Engineers. 

Major  Wm.  H.  Emorv,  United  States  Commissioner. 

*  Thie  place  wan  »nb«equontly  determined  by  mjnAf,  not  knowing  that  Lieutenant  Whipple  had  obaorred  there  ;  but  finding  ho 
hid  done  w,  I  gar*  bit  obtemUoM  priority— W.  H.  E. 
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TABLE  I. 

Tabulation  of  results*  for  longitude  of  astronomical  station  at  Frontera  observatory,  derived  from 
observations  made  tvith  the  bronzed  transit  and  sidereal  chronometer  No.  2440,  {by  Parkinson  & 
Frodsham:)  By  Major  Wm.  II.  Emory,  Chief  Astronomer  and  Surveyor  United  States  and 
Mexican  boundary  survey. 
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TABLE  D. 


Tabulation  of  results  for  longitude  of  astronomical  station  at  San  Elceario,  Texas,  derived  from 
observations  made  with  transit  (by  Troughton  &  Sinuns)  and  mean  solar  chronometer  No.  76,  (by 
Charles  Young:)  By  Lieut.  William  F.  Smith,  topographical  engineers,  and  by  J.  Lawson,  under 
the  direction  of  Major  W.  II.  Emory,  chief  astronomer  and  surveyor  of  the  United  Stales  and 
Mexican  boundary  survey. 
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April  98 

^oaoo.s 

7  05  05.7 
7  05M.O 
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Difference  of  longitude  between  Frontera  and  »San  Elctario,  by  flashes  of  gunpowder,  made  on  the 

Wk  February,  1852. 


No.  of  ! 
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Difference  of  longitude 


TABLE  CI— Continual. 

Fronlera  and  San  Elceario,  by  flashes  of  gunpowder,  made  on  the 
19M  of  February,  1852. 
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Difference  of  longitude  beiween  Frontera  and  San  Elceario,  by  flashes  of  gunpowder,  made  on  the 

Uth  March,  1852. 
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The  record  of  the  flashes,  to  establish  the  difference  of  longitude  between  Frontcra  and  San 
Elceario,  is  given  as  a  means  of  determining  the  weight  to  be  attached  to  this  mode  of  observing. 
Assuming  the  result  to  bo  correct,  it  gives  a  very  satisfactory  coincidence  between  the  results 
obtained  for  longitude  at  Frontcra  and  San  Elceario,  by  moon  culminations,  by  two  independent 
positions,  witli  different  instruments  and  different  observers. 

The  record  is  omitted  for  other  stations,  but  the  results  are  given  in  the  following  table  : 


TABLE  IV. 


Recapitulation  ofdifft 


of  longitude  of  several  astronomical  stations  on  the  Rio  Bravo,  found 
by  flashes  of  gunpowder. 
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DMPmnreof  long,  betweeni 

So.  of 

Different*  of  long,  between 

fla.be.. 

Frvaler*  a.  SI  Puo. 

Saebee. 

TrontM*  fc  Sao  Elceario. 
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(1  telle*. 

Sail  Eteetrko  ud  mouth 

of  Cation. 

1830- 

f. 

et. 

•. 

Feb.  14 

14 

16. 03 

13 

1  0T.lt 

41.13 

IB 

15 

16.08 

14 

1  07.54 

SI  .4* 

19 

ia 

14.84 

15 

1  07.35 

51.49 

Mer.  14 

IS 

14.84 

14 

1  07.15 

61.31 

Jum  II 

•• 

..... 

.■*. .... 

13 

0  30.01 

TABLE  V. 

Long,  of  station  near  Presidio  del  Norte,  computed  from  observation*  with  transit,  by  W.  R.  Emory. 


With  ubular  8.  A.  to  \nuik-at  Aii.,m,n.-. 


Joi,  at 

ST 


Aug..  94 
95 
07 
09 


•  •..a...  ..dO.  .  •.  .  • 

 do  

...do.  ..■•■■••(•••*••• 

•  ••••■■*••  d©».  •  ■  * •  • ■ 

•  •••    •  ■  •  edo  ■*•••■ 

.do. •■••••••■■ ••*••< 

M*na  ,.,...,.••• 

••«•..«••     .  •••»••••. 

Otmcrvaiioin  on  nK 

•  ■••*>  ....do...... 

ton*  id  limb  ■••••*•*. 

•  ■•■•*  .••  .do.*, ..». • ■ 

»■■•■■•■ ..do. ......... *.d  .....  .»!(■•••»».- 

tt ...... .. do ...... ......do, ................ 

Sttoi. ............  .•■•>•«  ... 


Moon "iSd  limb— mean  . 
Moon's  1st  limb— in  an.. 


Hutu. 


4.  m  ». 
=  6  57  18.17 
97.34 
mi  37.41 
n.  17.00 
=  91.70 
=  17.58 
=  06.01 
=  03.41 


With  Qfconwi  ,-h  oi,,-rifd  *.  A. 


18S3. 
Juljr  90 
87 
98 
98 

Aug.  31 

94 
97 


■»    8)151  07 


......  ■  •  > .  nu  •mtiM.  ...u 

■  •>*»•  •  •■•do,.  .  »*..  ■  *>  .d 


■»••■••»  ........ 

....  ....   


>•*••• .... io,. do.. .. ....  ....... 

«•  *•  do  -  do  •».• 

*•*■•■  •••.do..,, ... . ...  .do. . ......  ....... 


=  0  57  37.53 
47.87 
55.78 
31.50 
44.78 
39.09 
41.35 

•        90  39 


=  6  57  18.06 


=  6  67  03.80 
11.67 


06.73 
=  95.13 


08.70 


_  7)146.59 


tor  so 

31 

Am.  l 

9 

a 

4 


=  «  57  90.91 
=  0  57  lS.'JO 


..do.. . 


f»n... 


«=    8)300  SO 

.**•............. 

=  0  57  40.11 

id  litnb..... ...... 

....  ■•■■••••••*• 

-6  57  39.68 
98.78 
43.97 
30» 

....  ....«•«  .... 

........  ...  .... 

40.49 
a  47.38 
=  33.10 

=  7)995.50 

Moon 'n9J  limb. mrin.. 
Moon'.  In  limb  -mi hi.. 


u  6  57  .17  .93 
*•  0  57  40  11 


=         7«  01 


i=  6  57  IV  95 

Mem  

=  0  57  30  00 

Correction  to  Iw  applied  (or  tabular  etior. 

»  +11.26 

1  soar  PrcmkLo  dot  Notlo. 

~6  57  30.09 

Long,  of  elation  near  rteabilo  iiel  Norte, 

i  ^""^ 

compotod  with  clement,  from  N.  A... 

=  687  11.81 
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TABI.K  V-C«nMnu«U 


Comparison  of  result*  for  hnoihuk  of  station  vrar  Presidio  del  Xorte.for  each  date  ofebMrvatim, 

c,  ...... .,-  ('•/',  '■'.<'■.  11.  A.  '::  X.-.ri!  ir.J  Ah,.. ;,.<"•  and  tiro  uwich  observations. 


lfet.-  M  ill-. 

1  


i  .1 


.  1'  ,1  ;.-ji.-<1  Willi    (*f  l-JIWIili  »  li-iT- 
li  '■  ■  IIWU'^  ill;  l\  1         lulli'lM  -f-  N 
I.'  MBI11I-,  HI  • 


SKan  . 


*.  m. 
C  W 


9  i; 


37  53 
47.97 
55.79 
34.90 

39.  «8 

«»,:« 

43. « 
.12. 

40.  -U 
47.1 W 
44.79 
19  09 
41  35 

90  no 

XI.  !0 


19.39 

so. as 

1*  38 

17.30 
15.94 
17. 1 1 


91.49 
35.31 
10  ** 
21  40 


l.'i.ShH  13 
T  III.  41 


Comparison  0/  mean  results  for  longitude,  attained  from  observation*  on  moon's  li  nbs,  as 
with  Tab.  II.  A.  iu  Xantical  Almanac  and  Greenwich  observations. 


FIH.-T. 

Menu  of  inulu  of  otiserviilmna  on  moon'.  llr*1  Intih,  computed  fttnn  T.llmlar  Riclil  .Vciimitni  in  Vataticul  Almanac, 
i  of  naulu  of  oliH  tvamnu  on  ini»t>i'«  rlr.t  Hlnh,  rniopuicd  frran  Cir.nnkh  i 

1  ■+  Nautical .' 


Mi  :i>l  nrrr-MU-  i>fi,l...  rvl.tl.il,.  ..11  ilin.il,'.  x-ri>ii.l  Imiti.  c  ;t.ilr«1  rutin  TuliuUr  Ittjlll  V-MUMIX!.  III  ! 


u  ..li.i:r..ilinii.  <m  il»  .-i:r-  t.i  i'-niil  Liiillt,  i-ijinpnt'.'il  [run  Uptrnvviclt 
Dill,  ri  m  i  ,  01  «r<i  uv.li  li  •itiu-ivwnaia  -  Nautical  Almaintc  


k.  at.  ■. 
9   57    19  08 
9   57  40.11 


+  it. 14 


e  37  so  si 

6   .-.7    X  S3 


+  16.! 


Corrections  to  be  applied  to  results  obtained  from  computations  (with  tabidar  li.  A.  in  XatUical 
Almanac)  of  observations  made  near  Presidio  del  Xorte. 


1  Cnwnwk-li  ttnd  CwibrMr.  July  »■ 


1  tantfllude  of  Camlttidgf,  wu.C  of  (irrehwicb. 
Obactved  lonfiindi:  eaal  of  « 


Obwrved  ditrrri-iw-f  of  longitude  bntirrni  Gririm  ich  and  Cambridge,  Auguat  34. . 
EauLOi>litrl  lunguuilo  of  CaitlulMgc,  awl  of  ttreeawwii  


On.crvvd  lon^iKidv  r a*i  .if  f9ut.|i>h«xl  Ittngiitidn  . 


Jlifli  irn«i,  July  . 
!>•!.. ..Auj  SI.. 


k.    m.  a. 
4   44  19.0* 

4   44  ».« 


10  54 


4  44  17.99 
4   44   29.  AO 


11.9* 


10.54 
11.98 


Maan  comciioo  lo  b«  apoltod. 


iU.39 


11.* 
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Difference  of  remits  for  longitude  of  station  war  Presidio  del  Norte,  <is  olfnim  d  f,o::i  computations 
of  observed  moon  culminations,  with  tubular  11.  A.  in  Nattticul  .  iimanae  and  Grvaurieh  oh»,  va- 
lions,  1852. 


i  rompaicd'  from  tubular  R.  A.  in 


Observed  longitude  of  Cjunbmbje  roar 


Loosm 


computed  from  tabular  R.  A.  In  Nautical  Almanac,  ariib  eorrcetlotii 


A.  m. 
•  97 

6  47 

19.95 

19.97 
ll.SC 

7.01 

: 

6  57 
•  47 

.11.91 
38  M 

7.01 

Looiirude of  nation  Dear  PrcaUlio  del  None. 


=  «  i-  39.U9 


TABLE  VI. 


Tabulation  of  results  for  longitude  of  astronomical  station  near  Fort  Duncan,  derived  from  observa- 
tions made  with  30-mcA  transit  (by  Troughton  <&  Simms)  and  sidereal  chronometer  No.  2440, 
(by  Parkinson  &  Frodsham :)  By  J.  H.  Clark,  under  the  direction  of  Major  W.  H.  Emory, 
Chief  Astronomer  and  Surveyor  of  Vnittd  States  and  Mexican  boundary  survey. 


on.  19 


31 


B  49  OU  5 
»  41  44.0 
0  43  09.5 
04.3 
«  41  68.11 
57.9 
t  49  09.4 
05.7 
18.0 
13.3 


a. «.  t. 
«  4*  08.7 

12.4 

|  <  41  37.34 

\  6  49  00.90 

}  S  41  57.70 

|  t  49  07.00 

|      S  49  tf.» 
8  41  4S.1 


Moan  longitude  from  monn'i  l»t  limb  =  6a.  4am.  04r.l6. 


Oct  97 


31 
v.  1 
s 


•a  M  Hint*.  BeaulUM 

from  obi 
ooejoooV 


*.    .«.  .. 


a.  at.  a. 
t  4.  44.9 
•  49  01.3 
6  41  43.3 
0  43  04.4 

i4.n.t 

0  43  04.9 
0  41  49.4 


— rr- 


M  Hint  =  II 


Br  pnn«  double  weigril  to  the  reealte  of 
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TABLE  VII. 


Tabulation  of  results  for  longitude  of  astronomical  station  at  Ringgold  barracks,  derived  from 
olmcrvalions  made  with  30-mc/i  transit  (maker  unknown)  and  sidereal  chronometer  No.  2440, 
(by  Parkinson  <£  F rod  sham :)  By  Major  W.  II.  Emory,  Chief  Jstrononur  and  Surveyor  of 
United  Stales  and  Mexican  boundary  survey,  assisted  by  G.  C.  Gardner  and  J.  H,  Clark. 


Juir  h 
is 

IB 
18 


Grernw-tch  obtcnraiiaai.... , , 
Fliilxklptiw  Hifh  Moot  .... 

 da  do  

Ownwlrti  odtrnniwat  

 do    do-  

 do  do  

 do  do  


• ...... •  


.    Firw . 

.in... 
.  ...do... 


K  m.  i. 
8  »  0*,» 
03.19 

tax 
en  x 

OS.CI 
10.40 
07.41 
07.M 


.  06..  19, 

Discussion  of  the  longitude  of  astronomical  station  (jr)  near  the  mouth  of  the  Rio  Bravo  del  Norte. 

Office  of  Survey  of  United  States  anp  Mexican  Boundary, 

Washington,  I).  C,  February  9,  1856. 

Sir:  In  presenting  to  you  the  final  results  of  the  computations  for  the  longitude  of  the  astro- 
nomical station  established  under  your  direction  in  1853,  near  the  mouth  of  Rio  Bravo  del 
Norte,  I  have  been  delayed  for  want  of  all  the  corresponding  moon  culminations  observed  at 
Greenwich  throughout  tho  four  lunations. 

The  observations  which  were  commenced  by  yourself  and  continued  by  Messrs.  G.  C.  Gardner 
and  J.  H.  Clark,  extend  through  four  lunations,  commencing  August  12,  and  ending  November 
22,  1853.  The  longitude  resulting  from  the  first  three  lunations  was  computed  by  Mr.  C.  N. 
Thorn  from  corresponding  observations  at  Greenwich  observatory,  furnished  in  manuscript,  in 
1853,  by  Professor  Airy,  astronomer  royal,  as  well  as  from  the  corresponding  observations  made 
at  Philadelphia  High  School  observatory  during  the  same  period — giving  for  the  position  of  the 
astronomical  station,  in  longitude,  6/t.  28m.  30«-.5  west  from  Greenwich  observatory. 

Having  recently  received  the  printed  observations  of  1853,  made  at  Greenwich  and  Radclifie 
observatories,  the  observations  of  the  fourth  lunation  have  also  been  computed  by  Mr.  Thorn, 
and  tho  result*  combined  with  those  previously  deduced  from  the  first  three  lunations,  without 
producing  any  change  in  the  result  hitherto  adopted,  as  above  given. 

The  instruments  used  at  this  station  were  a  46-inch  transit,  made  by  Troughton  &  Simms, 
of  London,  and  an  excellent  sidereal  box-chronometer,  made  by  Parkinson  &  Frodsham. 
The  transit  was  mounted  on  a  massive  brass  stand,  which  rested  on  a  pine  log,  imbedded  about 
eight  feet  in  the  sand,  the  whole  sheltered  by  a  temporary  wooden  structure. 

The  accompanying  tables,  marked  A,  exhibit  all  the  observations  in  detail,  with  the  corrections 
for  instrumental  errors  as  applied,  together  with  the  several  results  deduced  from  tho  observa- 
tions of  each  night.  The  tables  marked  B,  C,  D,  exhibit  the  computations  of  those  instrumental 
errors,  with  their  adopted  results,  as  follows: 

1.  The  computed  values  of  the  equatorial  intervals  of  eaoh  wire  from  the  middle  wire  the 
illumination  being  east — are  (see  table  B) : 
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I.  n.  ni.  iv.  v.  vi.  vn. 

51M3         34-.03         m09         OO'.OO         1TU9         34M4  6P.32 

with  a  probable  error  for  each  value  of  zfc  0\005.  The  equatorial  reduction  of  tho  mean  of  the 
seven  wires  to  the  middle  wire  =  —  0\06±  0.00. 

2.  The  computed  value  of  the  error  of  collimation  of  tho  middle  wire,  as  deduced  from  a 
mean  of  twenty-five  observations,  made  on  the  nights  of  October  27,  28,  and  29,  (see  table  0,) 
is  =  +  0M6  ±  O'.Ol  ;  hence  the  collimation  of  the  mean  of  wires,  =  +  OUO  ±  O'.Ol  =  (in 
arc)+l".5=k0".l. 

This  value  for  the  collimation  of  mean  of  wires  has  been  applied  to  all  the  observations  of 
the  four  lunations,  in  consideration  of  the  improbability  of  any  perceptible  change  in  that 
clement  of  the  instrumental  errors,  duo  to  the  superior  mechanism  of  the  instrument. 

3.  The  azimuthal  deviation,  how  eve  r,  ha  be  applied  to  the  observations  of  each  night,  a 
then  observed,  on  account  of  the  unavoidable  instability  of  the  foundation  of  the  instrument 
ataud,  and  shown  by  the  changes  of  deviation  exhibited  in  column  13  of  table  A. 

4.  The  equatorial  value  of  the  divisions  marked  on  the  level  used  with  this  instrument  has 
been  determined  from  observations  made  August  19,  1853,  the  result  being  =  1".065  (in  arc) 
for  one  division  (see  table  D.) 

The  chronometer  rate  adopted  was  obtained  by  reducing  to  0*  sidereal  time  the  error  for  each 
night  by  interpolation ;  and  although  the  rate  therefrom  deduced  is  very  satisfactory  and  regular 
for  the  period  of  any  one  lunation,  it  percaptibly  continues  to  increase  throughout  the  series, 


being  for  the 

First  lunation,  in  August   =  +  1M8 

Second  lunation,  in  September   =  -4-  1\10 

Third  lunation,  in  October   =  +  2'.89 

Fourth  lunation,  in  November   =  -f  4'.60 


In  reducing  the  observations,  therefore,  the  actual  rate  for  the  day  of  observation  has  been 
Tsed,  as  shown  in  column  18  (table  A)  of  the  tabulated  computations. 

In  applying  the  corrections  due  to  errors  of  collimation,  level,  and  azimuth,  the  tables 
marked  E  have  greatly  facilitated  the  reduction— all  which  are  combined  in  column  15  (table 
A)  of  the  tabulated  computations,  showing  tho  "corrected  transits"  of  stars. 

The  value  for  "sidereal  time  of  moon's  semi-diameter  passing  meridian  of  station,"  shown 
in  column  19,  (table  A,)  has  been  computed  by  interpolation,  and  applied  to  corrected  transit 
of  the  limb  observed,  giving  the  corrected  transit  of  its  centre  ;  which  element  has  been  used 
in  computing,  by  interpolation,  the  change  of  the  moon's  position. 

The  positions  of  the  moon,  as  observed  with  the  transit  circle  at  Greenwich  observatory,  have 
served  to  give,  by  interpolation,  its  position  for  all  the  nights  on  which  it  was  observed  at  the 
mouth  of  the  Bio  Bravo,  furnishing  reliable  and  satisfactory  results ;  and  these  positions  wero 
adopted  in  preference  to  thoso  deduced  from  the  altazimuth  observations,  which  differ  in  most 
cases  from  those  actually  observed  by  the  transit  circle.  The  positions  adopted,  as  well  as  thoso 
observed  at  Philadelphia  High  School  and  Radcliffe  observatories,  during  the  period  stated,  aro 
given  in  table  F,  being  the  data  used  in  computing  the  longitude. 

The  several  results  for  longitude, -computed  from  the  observations  of  each  night,  are  exhibited 
in  table  G  ;  the  mean  of  which  is  6k  28"  30*. 48  ±  0V56,  being  deduced  from  forty  observations 
combined  with  the  Greenwich  observations,  ten  with  Philadelphia  High  Sehool,  and  four  with 
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TAKLE  B. 


Results  of  observations  made  at  mouth  of  Rio  Grande  for  equatorial  intervals  of  46-inch  transit } 

by  Troughton  dc  Sin 
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Equatorial  intervals  of  46-inch  transit,  by  Troughton  d  Simms — illumination  east.  (C.  N.  Thorn, 

computer.) 
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TABLE  B— Continued. 

Computation  of  probable  error  of  equatorial  interval  of  each  wire  from  the  middle  wire  of  46-tncA 
transit,  by  Troughton  <f  Simms— illumination  east.    (C.  N.  Thorn,  computer.) 
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CoUimation  error  of  id-inch  transit,  determined  from  observations  made  at  the  mouth  of  the  Rio 
Grande,  October  27,  28,  and  29,  1853— illuminated  end  of  axis  east.   (C.  N.  Tlvam,  computer.) 
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TABLE  C— Continued. 

Computation  of  jirotxibie  error  of  coUimation  of  middle  wire  of  4&-inch  transit,  by  TrouglUon  it 
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TABLE  D 


Determination  of  the  value  of  one  division  of  the  level  used  with  the  46-inch  transit,  (by  Troughton 
&  Simms,)from  observations  made  at  the  mouth  of  the  Bio  Grande,  August  19, 1853.  Microme- 
ter attached  to  zenith.  Telescope  No.  4.  Vol.  of  one  rev.  =  43".82.  (<7.  N.  Thorn,  computer.) 
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TABLE  B. 

Table  of  onrrections  for  errors  of  ailimation .  level   and  azimuth    ai  astronomical  station  near 
motrfA  o/  .Rio  Grande.    (C.  jV.  TAom,  compvier.) 
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TABLE  r. 


Sight  ascensions  of  moon's  centre  used  in  oomputing  the  longitude  of  astronomical  station  near  mouth 
of  the  Rio  Grande,  deduced  from  corresponding  moon  culminations,  observed  at  Greenwich, 
Philadelphia  Sigh  School,  and  Radcliffe  observatories,  1853.    (C.  N.  Thorn,  computer.) 
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Tabulation  of  results  for  longitude  of  astronomical  station  near  mouth  of  Rio  Grande,  derived from 
observations  made  with  46-tncA  transit  (by  Troughton  de  Simms)  and  with  sidereal  chronometer 
No.  2440,  (Parkinson  &  Frodsham :)  By  G.  C.  Gardner  and  J.  H.  Clark,  under  the  direction  of 
Major  W.  H.  Emory,  Chief  Astronomer  and  Surveyor  of  United  States  and  Mexican  boundary 
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Computation  of  probable  error  of  the  final  result  for  longitude  of  astronomical  station  near  mouth 

of  the  Bio  Grande. 


(Final  long! Hid*  -  6*.  98m.  30t.48.) 
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A8TR0N0MY. 

TABLE  H. 


Tabulation  of  results  for  longitude  of  astronomical  station  near  mouth  of  Rio  Grande,  derived  from 
observations  made  with  46-tneA  transit,  (by  Troughton  dk  Simins,)  and  with  sidereal  chronometer 
No.  2440,  (by  Parkinson  <k  Frodsham)  by  G.  C.  Gardner  and  J.  H.  Clark,  under  the  direction 
of  Major  IF.  U.  Emory,  Chief  Astronomer  and  Surveyor  of  United  States  and  Mexican  boundary 


MOOX'l  nin  I.1MI. 


i 


Loogiuade  weal  of  Greenwich,  dedaced  iroin 
corresponding  obwrvaiiuiui  mad*  at — 


Greenwich 


J. 

A.  m.  >. 

10 

5  98  30.04 

13 

6  98  40.00 

15 

6  98  35.91 

16 

6  98  39. Hi 

17 

6  *  99.38 

14 

6  38  30.33 

13 

c  *  au.18 

M 

6  S8  37. OS- 

IS 

es*  37.19 

16 

6  98  30.73 

r  9 

10 

«»«.■» 

13 

6  38  1M.II 

13 

6  38  90.K7 

7 

6  38  35.91 

6  38  31.95 

6  9*  33. IS 

19 

6  3*  38.33 

11 

6  98  33.33 

13 

fH'Mii 

13 

6  48  34.93 

14 

<  St  33.69 

Uridine  Ob- 


k.  m. 


rhllndwIpliiK 
HlghrV-boalub- 


».  m.  4. 


6  98  30.60 


6  38  33.86 

(  38  34.06 
t  98  38.00 

6  36  34. S3 
6  38  30.50 
6  98  31.07 

6  38  30.44 

11 

e  § 


X.04 
40.00 
.13.91 
39.85 


t 
1 

1 


I.«igitud<i  wnrt  of  Greenwich,  Jedured  from 


Greenwich 
HUirvMury. 


91 .68 
37.08 
37.19 
78.44 


74  03 
76.87 
36*4 
6*49 

est. 

57.30 
33  as 
34.S5 

64.04 


Aug.  18  6  SB  30.69 
19  6  30  33.33 
90  •  6  98  14  .71 
31       6  98  37  .37 

93  6  98  37.39 
33       6  98  33 .44 

94  6  98  33.10 
Hrpt.  17       6  38  34.60 

18  6  38  09.69 
'Jet.  17  6  98  44  89 
«  38  30.69 
6  30  34.86 
6  9*43  03 
6  9h  41.34 
698*3.60 
6  38  98.41 
8  38  98.67 
6  98  39.44 
»  «S  96.91 


I- 
19 
30 
•Jl 
14 
IS 


High  School  Ob 


».  m.    •.             A.  m.  .. 

 ••••  

6  38  33.6S 

6  38  34.90 

6  28  36.03 
6  98  34.37 
6  98  94.09 
6  98  97.S6 

6  98  30.44 



... 

i 

89.47 
14  71 
96  07 
37.39 
33.54 
33.10 
34.60 
101. 7S 
94.63 


41  93 
64.94 


>  of  adopted  raluei  of  the  c 


•  for  each  night,  1068.33 


No.  ofobacrntjuiii  giving  to  cub  its  •tliw*. 


34 


31.43 


longitude*  from.  ohwrv»iiDn«  *n  monn'i  In  liuiti-. 
Do< , . .  • .  i  •  •  •  t  ■  **dOt   do  •••••*  iQd  limb. , 


6  98  31.43  Moan  longitude. 
6  39  39.61 


6  98  30.53 


LoiigUudi  ofantroiKimlcal  atation  our  mouth  at  Kin  Grande,  wr»<  oMlrecnwkh  ObMirvatrar. 


  ^  ».  98m.  30.-53 

School  Ofc«erTalory,  Fhlladelprilt, 


Notk.— tadchrft  Ob»enmtory  U  4m.  Oii.Sfl  wwi  of  Greenwich,  (Rid.  OtnerrauoiH.Tol.  XIV, page  IX.) 
In  M.  OOm.  37i.46  »r«  of  Greenwich  ObMrvalorr.    In  reducing  the  rvuilu  from  I 
tiont.  the  above  difference*  or  lonattild**  have  been  applied. 

*  In  Ih*  column  "  Adopted  ealiiea  '<(  the  ohnrrTBtton«  (or  each  nlfht,"  the  rernilu  hnvr  Iwi  obtained  by  giving  double  weight  lo 
observation*,  on  accooni  of  Ita  relative  dbrtance  from  the  month  of  the  Bio  Grande,  and  eonaj  weight  to  RadelilTc  and  GreenWH-b 
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TABLE  I. 


Tabulation  of  results  for  longitude  of  astronomical  station  near  mouth  of  liio  Grande,  derived  from 
observations  made  with  40-inch  transit,  (by  Troughton  d-  Simms,)  and  with  sidereal  chronometer 
No.  2440,  (by  Parkinson  &  Frodshcm .)  By  G.  C.  Gardner  and  J.  H.  Clark,  under  the  direc- 
tion of  Major  W.  H.  Emory,  Chief  Astronomer  and  Surveyor  of  United  States  and  Mexican 
boundary  survey.    (C.  N.  Tliom,  computer.) 


Srjil. 


Oct. 


I 


Longitude  vrcsi  of  Greenwich,  de- 


Grepowtcb  '  RMtehflu   ;  Pbtla.  nifti 


9d..,. 


School  Oil 
territory, 


a.«. 
n  9? 

«  as 


f.  |  A.  m.  t. 
40.00    6  88  00.00  J 

99.9a   

39.69   


I  6  96  33.63 
6  38  35.90 


In-... 

Sd..... 
1*  


I  <  88 

i  6  98 

i  e  38 
i  e  as 

I  6  98 
8  98 
8  98 


33.34 
31.10 
30.48 
30.73 
34.00 
99.88 
33.66 


«  98  30  .G0 
(38  93.86 


c  !»  ;«.o.i 


5  « 

*  1 

-  3 

■5  t  * 


*. 

40.00 
98.98 
2u.fi  J 
67.94 
71.1*) 
33.54 
3SI.10 
01.88 
78.44 
94.60 
101.75 
38.88 


Longitude  < 


(ir'i'nm-h  limlrJuTe 
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Oct.  13  ; 
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19  j 
90  1 
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0 

10 
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11 
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k.  HI. 


I  of  Greenwich,  de- 
omapondingoliacr- 


Fbila.  High 
rVhool  Ob- ' 
•errntory. 


a.  m.  t. 


in... 
3d.. 


I  98  90.69 


Not, 


lrt... 


r, 


l  00 


6  »  34.37 
6  9S  94.09 
6  98  97.58 


6  98  43.03 

  6  98  31.53 

6  98  33.15  ,  6  98  30.50   

6  98  24.33  j  6  98  31.07   

6  98  93.39  I  ,  

6  98  33.93 
6  9fl  33.60 


in  a  3d, 

3d   6  9*98.67 

6  98  99.45 


<:  as  jo  .  i  i 


68.74 
68.87 
54.19 
49.03 
34.53 
63  65 
57.30 
93.39 
35.33 
64.04 
38.(7 


flam  of  "Adopted  value,  of  the  r, 


Number  of 


30.3s 


Longing  of  ajtrotjotntcaJ  nation  near  month  of  Rio  Grande,  WW  of  Greenwich  Observatory   H.  38m.  a«  18 

Nora — «A*cllf!o  Observatory  b  5m.  OJa.SO  writ  of  Greenwich,  (Had.  Otjeemuion«,  vol.  XIV,  page  IX  ;)  nigh  School  Ob»*rv*iory,  Pliiladelpaia, 
!•  S*.  00m.  37.  56  mat  of  Greenwich  Observatory.  In  reducing  the  mulu  train  the  Kadcufle  ud  High  School  aberrations  to  Greenwich  Otasrrrn. 
tory,  di*  sbov*  difference,  of  longitudes  have  been  applied. 

*  la  Che  eurunra,  "Adopted  values  of  the  observation.  Jot  each  night,"  the  remits  hare  been  obtained  by  living  double  weight  to  the  ML 
observations,  an  account  of  ii»  relative  diatanec  from  (be  mouth  of  Bio  Grande,  nod  equal  weight  to  Raddifje  ud  Greenwich  cttarrvtUoos. 


Vol.  I  29 
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TABLE  K. 


Tabulation  of  results  for  longitude  of  astronomical  station  near  mouth  of  Rio  Grande,  derived  from 
observations  made  with  id-inch  transit,  (by  Troughton  <b  Simms,)  and  with  sidereal  chronometer 
No,  2440,  (by  Parkinson  <fc  Frodsham:)  By  G.  C.  Gardner  and  J.  H.  Clark,  under  the  direc- 
tion of  Major  W.-  H.  Emory,  Chief  Astronomer  and  Surveyor  of  the  United  States  and 
boundary  survey.    (C.  N.  Thorn,  computer.) 
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6  98  98.89 

». 

8  98  00.00 
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••>•■•■•■• 

». 
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39.10 
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•  98  34.37 

•  98  94.00 
6  98  97.46 
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•6.74 
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»7.30 

6  98  90.89 

•  •••  •  •»•• 

30 

8  98  49.60 
6  98  33.80 
6  98  98.67 
€  98  99.43 

49.03 

as.to 

84.04 

Not.  14 
18 

6  98  30.44 

•*■* ...... 
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il 
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6  98  46.00 
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6  98  30.48 
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............. 


k.m.  t. 
6  98  00.00 

•  98  30.60 
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6  98  98.93 
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6  98  35.93 
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6  98  30.30 
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Bum  of  adopted  vnltiee  of  the  obeervationa  for  each  nigtil, 


Nunibef of  <*»<n  iu.  ai.  S;iiiiS  iu  tecli  ia  value* 


661 ,35  tturo  of  adopted  valnea  of  the  ofe.rrvunon.  ft>r  each  nipiit, 
 =t3U.CKI 


Number  of  obacrvaiioue  firing  to  each  ita  value* 


Mean  longitude  I 


K.  m.  i. 

i  let  limb          -  4  98  30. OU      Hem  loagiMde  fro 

.94  limb   -6  98  30.81 


n-.l.l«nJiid]unb. 


flbeRInC, 


km.  r. 

-  »  as  so  ts 

=  6  98  30.43 


Nora — Radcllfle  Obaervutorv  >•  5«i.  OiUIUi.  west  of  Greenwich,  (Kadcllffe  Obaervationa,  vol.  XIV,  page  IX.)  Hl(h  Hebool  Obaervatory,  Fbiiadt'l 
pma,  la  3A.  00m,  37J6».  wm  of  Greenwich  Obaervatory.   In  reducing  the  reaulu  from  the  Badclifle  and  High  School  obacmtbma  to  Greenwich  ob- 


*  lo  Hi*  column  "  Adopted  valona  of  the  ohaetvationa  Ibr  earn  nilrtit,"  Ibe  reealts  have  been  obtained  by  giving  double  weight  to  the  High 
obaervationa  en  account  of  >v  relative  distance  from  the  mouth  of  the  RUo  Grande,  and  eocal  weight  to  the  Madeline  bad  Greenwich  ob.L-rv»tion.. 


Digitized  by  Google 


227 


TAUJ.fi  VIII. 


Tabulation  of  remits  for  the  latitude  of  astronomical  utation  at  Frontera,  Texas,  derived  from 
observations  made  with  the  zenith  telescope  No.  4,  on  twenty-four  pairs  of  stars :  By  Major  W. 
H.  Emory,  Chief  Astronomer  and  Surveyor  of  United  States  and  Mexican  boundary  survey. 


let  pair. 


<M  pair. 


,.  C. 
I  S. 
>N. 


B.  A.  C. 
9444  8. 
231 :  N. 


M  pair 


4th  pair. 


tith  Itnlr. 


B.  A.  C. 

Mm  b. 


B.  A.  C. 
■M7i  8. 
SW4  N. 


B.  A.  C. 
ijrvr.  s. 
x. 


B.  A.  C. 
9788  8. 
9796  H. 


~lh  Jfair 


B.  A.  C. 
9918  B. 
•J-.-.5  N. 


1552,  Marcli  23. 
.  94. 
IB. 
*. 

n. 

98. 


Jl  43  -M.63 


31  48  44.19 
31  48  49.35 
31  48  44.44 


31  48  41. 45 
31  48  40.03 
31  48  3S.80 
31  48  41.18 
31  48  43.83 


31  46  4S.44 
31  48  51.55 

31  48  47.83 
31  48  50.31 
31  48  47.88 


31  48  30.90 
31  4*  43  .87 
31  48  37.33 


31  41*  38. 79 
3<  4m  38.77 


L«U«i.]i)t»jr»D»e»nore«cli  pair. 

31  48  43.63 

31  48  44.89 

31  48  41.08 

31  48  48.80 

Correction,  fcr  declination  

0.00 

0.00 

+  l.ao 

0.00 

31  48  43.83 

31  48  44.99 

31  48  49.98 

31  48  45.55 
+  0.89 


31  48  48.94 


31  48  47.48 
31  48  48.93 
31  48  49  97 
31  44  49  01 
31  46  49.33 
31  48  49.78 
31  48  48  5* 


31  48  48.81 


31  48  45.89 
31  48  43.4* 
31  48  44.01 
31  4H  44.01 
31  46  44  90 
31  48  43.19 
31  48  46.93 


-  1.00 


31  48  45.53 


TA  BIjK  VIII —Continued. 


8*  pair. 

90,  p*,. 

10th  pair. 

lltti  pair. 

19th  pair. 

13.1.  pair. 

14th  pair. 

B.  A.  C. 

8-  A.  C. 

B.  A.  C. 

B.  A.  C. 

B.  A.  C. 

B.  A.  C. 

■.  A.  C. 

9*513. 

3109  S. 

3161  B. 

3901  B. 

3901  8. 

3354  8. 

3409  8. 

90,9*. 

3033  N. 

3131  J*. 

,159  N. 

3961  N. 

3497  N. 

i tHfj7  .MitT^h 'in, (••••  ••)• 

31  48  50.73 

31  48  44.97 

31  48  34.71 

31  48  45  86 

31  46  49.95 

31  48  46.75 

•    i  ii 

!M. . ■■>■■■■■#■*■■■ 

31  48  49.83 

31  46  48.87 

31  44  49.01 

31  48  40.96 

31  48  43.19 

34  48  49.88 

31  48  46.95 

31  48  46.33 

31  48  48.93 

31  46  46.18 

31  48  41.97 

31  48  48.96 

31  48  44.41 

31  48  47.84 

31  48  48.90 

31  48  50.00 

31  46  43.94 

31  46  49.01 

31  4K  46.61 

31  48  44.94 

31  48  30.31 

98...... .....  .... 

31  46  49.93 

31  48  44.70 

31  46  49.84 

31  48  48.48 

31  48  44.45 

31  46  41.37 

31  46  46.14 

31  48  47.91 

31  48  47.19 

31  48  49.68 

Latitude  by  a  mean  of  each  pair. 

31  48  49.58 

31  48  44.37 

31  48  40.36 

31  46  45.81 

31  48  45.74 

31  48  48.03 

31  48  48.74 

Correction*  for  declination. .... 

—  3.11 

+  1.97 

+  1.36 

-  1.88 

-  9.88 

-  3.91 

-  1.91 

31  48  48.45 

i 

31  48  45.64 

31  48  41.94 

31  48  43.78 

31  48  49.88 

31  48  44.19 

81  48  47.53 

TABLE  VIII -Continued. 


'..•■■■•■.■•■■•a. 


B.  A.C. 
3871  B. 
V- 


31  48 


31  48  43.03 
31  48  43.78 
31  48  44.87 


31  48  44.58 


17th  | 


B-  A.  C. 
371U  B. 


■■.•a... I**... 


31  48  39.13 
31  48  41.70 
31  48  40.77 


B.  A.  C. 
3849  B. 
3781  Jf. 


31  48  45.40 


31  48  49.97 
31  48  43.73 


31  48  43.00     31  48  49.98 


Latitude  by  a  mean  of  each  pair]   31  48  43.83  |  31  48  41.15     31  48  43.84 


Oerrectioin  Tor  declinnuun- 


0.19 


+  9.89 


.33 


19th  pair.        8WI,  pair 


B.  A.  C. 
3»l;>  b. 


31  48  45.98 


31  48  44.49 
31  48  48.58 


B.  A.  C. 
3960  B. 
3973  N. 


B.  A.  C. 
4014  B. 
4U26  N. 


31  48  45.73 


31  48  45.81 

31  48  45.39 
31  48  44.88 
31  48  45.30 

31  4H  44.99     3148  47.37 


31  48  47.89 
31  48  45.99 
31  48  46.59 


31  48  45.41  .    31  46  45.97     31  48  47.08 


I 


(i.e.) 


—  1.61 


B.  A.  C. 
4014  B. 
411*  V 


99d  pair. 

B.  A.  C. 
4068  B. 
4196  S. 


31  48  46.38 
31  48  45.89 
31  48  48.74 


31  48  48.07     31  48  50.56 


31  48  46.87     31  48  50.58 
-  8.95  —1.93 


Corrected  latitude  \   31  48  43.71  i   31  48  43.84     31  48  43.51  I  31  48  45.41     31  48  43.66     31  48  44.84     31  46  43.99  ;    31  48  49.31 
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ASTRONOMY. 

TABLE  Vlll-i 


B-  A.  c 
4lw  N. 


H.  A.  C. 
4813  S. 


tudr  by  a  m.an  |.r  n  mean  U»l.  by  a  pvan 
of  Mchuiglii,  flfallthrp«r»,  of  all  tlie  ok 
«rvalkKi..(.»«- 


11*42,  March  S3. 

34. 

25. 

at. 

87. 
88. 
30., 


31  43  40.80 


31  4A  (119 
31  48  45.47 
31  4*  43.31 
31  4«  44.94 
31  4«  44.78 
31  48  41.70 
31  46  44.67 


Latitude  b)  a  nean  of  ear  h  pair.      31  48  44. SO         31  48  40.80 

+  1.70  -l.SC 


I 


31  48  38.34 


31  48  44.60         31  4*  44.56 


Lai.  by  a  mean  of 
rexulia  for  rarti 
««"«.  (*««-■ 

Uom  CUfWClCd.) 


31  48  44.42 


of 

and  3d 


Dkal  Matlon  at  Pronlrfa,  Tgiu,  =  31*  48'  44  .43. 


TABLE  IX  o 

Corrections  to  be  applied  to  the  results  for  latitude  of  astronomical  station  at  Front  era, 
order  lo'introduce  the  elements  of  Ote  stars  as  observed  at  tte  Washington  Observatory,  in  1852 
and  1853. 


i 

I 

DtfLIKlTlOIO. 

s  . 
E § 

pair. 

•a* 

o 

1 

s 
1 

c 

13.  A.  V. 

Washington  Ob- 

1 

n 

■£  5 

or  of 

i 
« 

SS 

Mrvatorjr  cata- 
logue. 

a 

f  « 

3 

e. 

i 

9.194 

*  II.' 

34  It  37.3 

*  if 

13 

»  14  10.3 

11  47  33.3 
M  40  14  3 

3»  13  14.8 

a 

3444 

14 

3341 

• 

3 

3463 

98  13  13.33 

1.S7 

15 

8504 

35  «  41  4 

34  33  44  38 

3.98 

+  1.30 

4 

9473 
3404 

88  13  18.3 

16 

34  3*  41.4 

5 

19  43  13.3 

13  43  15.83 

+ 

3.58 

17 

90»1 

43  41  09.0 

43  41  07.85 

1.15 

+  0,83 

87  ee 

31  13  04. 8 

31  13  00.04 

4.76 

18 

3796 

43  38  43.8 

43  38  48.00 

l.aO 

-  3.38 

7 

3818 

35  01  17.S 

35  01  33.85 

+ 

8.34 

19 

38  31  42.3 

.38  31  33.85 

8.X 

-  1.00 

1 

31  14  18.0 

31  14  13.31 

3  79 

30 

3313 

33  3S  07.5 

39  38  04.07 

343 

-  '•" 

u 

3100 

34  14  09.4 

30  15  13.90 

+ 

4  50 

31 

3033 

33  39  02. 8 

33  39  00.84 

1.36 

+  1.37 

10 

31  hi 

19  43  14.7 

10  43  31.38 

4.68 

33 

3131 

43  49  57.8 

43  49  56  24 

1.55 

+  1.58 

11 

3301 

38  33  38.3 

36  :0  33.40 

3.74 

■a 

37  08  44.7 

37  08  44.73 

0.97 

-  1.86 

13 

3901 

3A  33  38.3 

U8  33  33.40 

3  74 

31 

3*1 

37  03  W.3 

37  03  33  W 

3.98 

—   2.  It) 

BKCLIH4TI0aa. 


.  C.  WMblnfftoa  Ob- 
itvrvatory  cata- 
log*;. 


1  h 
»  5 

i  ii 


334S 


3487 

3871 
3584 

3710 


3781 

:bi.-. 

3000 
3973 

4014 


4014 

4038 

4088 
4138 

4141 

4lt"8 

4313 
49.'* 


91  S3  37.10 
41  46  04.1 

30  31  37.4 

33  93  14.4 

|  33  58  30.1 
,   39  41  38.0 

'   38  44  53.9 

34  43  57.6 

33  54  44.6 
39  40  30.1 

19  14  07.4 
44  37  33.9 

31  03  10.7 
43  33  18.6 

16  16  37.6 
47  18  43.1 

16  16  37.6 
47  18  17.6 

33  17  43.8 
41  29  48.1 

23  13  08.9 
33  51  03  6 

31  43  43.3 
41  49  03.4 


31  S3  33.91 
41  46  01.47 

30  31  42.09 
33  33  08.44 

33  48  19.01 
39  41  38.84 

S8  45  54. 17 

34  50  04.01 

33  51  44.11 


-  4.1» 

-  3.63 

•f-  4.59 

-  6.95 

-  1.09 
•f  0.83 

-  1.03 
+  6.41 

-  0.49 

-  0.17 


31  03  08.33 
43  33  17.74 

16  16  33.96 
47  16  43.30 

16  16  33.SC 


—  9.38 

-  0.84 

-  4.64 

+  0.30 

—  4.64 


47  18  16.34   1    —  1.38 

I 

93  17  41.73       —  3.07 

-  0.43 


33  H  07.81 
39  51  00.39 

21  43  39  31 
41  4}  U3.67 


-  3.73 

—  3.» 
+  0.97 


-  3.31 

- 

-  1.91 

-  0.13 
+  9.89 


-  1.61 


-  3.1 


—  9,94 


-  1.34 


•  I.J 


-  1.8 


•  Ttu>  reference  on  page  193  to  table  IXa  .hooM  b*  VIII. 
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Result  of 


on  the  prime  vertical  for  latitude:  liy  IAeut.  A.  W.  Whipple,  at  Pr-sidio 
de  San  Elceario. 


KmiiIi  from  each  R««H  from  metfl  Date. 
<*i«nr»tlo«.         of  wire.. 


Keault  from  each  Kci'lt  Cnn  mnui 
obwrvatioa.         of  trim. 


11.98 

19,79 

10  54 
13.09 

11.67 
09. M 
19.68 


31  34  13.63 


11.33 


F«t>.  a 


10.63 


1369 


14.00 


1851. 
Feb.  3 


i  Auriga... . 


II  36  13.73 
13.67 


Feb.  4 


13.49 
1345 
IS  83 

11.90 
10.96 
10.71 

17.30 
14.14 
13  95 


31  33  13.43 


13.99 


10.96 


U  IS 


2 


1 

I 

4 


1 


TABLE  XI. 


lobulation  of  result*  for  the  latitude  of  astronomical  station  on  the  Rio  Grande,  near  the  mouth  of 
the  canon,  derived  from  observations  made  with  zenith  telescope  No.  4,  on  twenty-one  pairs  of 
start :  By  Major  W.  H.  Emory,  Chief  Astronomer  and  Surveyor  of  United  States  and  Mexican 
boundary  survey. 


Uipair. 

3d  pair. 

3d  pair. 

4th  pair. 

5th  pair. 

6th  pair.           7th  pal/. 

B.  A. 
4584  8. 
4697  N. 

B.  A.  C. 
4708  8. 
4747  X. 

B.  A.  C. 
4*10  a. 
4783  N. 

B.  A.  C. 
4873  9. 
4841  N. 

B.  A.  C. 
5040  8. 
4956  N. 

B.  A.C.            B.  A.C. 
6993  B.              6334  8. 
SOWN.             3987  N. 

•    r  „ 

31  09  90.04 
31  Ott  30.90 

•  i  n 
31  09  96.01 
31  03  98.49 
31  09  99.10 

.  i  ,i 
31  09  97.73 
31  09  96.49 

31  09  98.16 
31  09  97.37 
31  09  30.44 

•  .  /> 
31  09  31.35 
31  00  31.96 
91  09  93.19 

*  >     I,-            •  •  j, 
31  06)  93.79        31  09  96.00 
31  09  91.7*        31  M  94.00 

Latitude  bjr  •  wean  ot  each  pair. 

31.09  35.19 
-  9  53 

31  63  35.53 
-  0.37 

31  09  97.11 
0.00 

31  09  98.68 
+  1.09 

31  09  98.60 
-  3.93 

31  09  93.70        31  09  96.00 
0.00  0.00 

31  03  93.40 

31  09  95. 10 

31  OS  97.11 

31  09  99.66 

31  09  94.67 

31  09  99.78        31  09  96.00 

TABLE  XI— Continued. 

Daw. 

bill  pair. 

9Ui  pair. 

loth  pair. 

11th  pair. 

19th  pair. 

13lb  pair.          14th  pair. 

B.  A.  C. 
5341  ». 
5473  N. 

B.  A.  C. 
5659  8. 
3693  N. 

B.  A.  C. 
6739  8. 
3706  N. 

B.  A.C. 

sws. 

5805  K. 

■.AC. 
5*41  8. 
5795  S. 

B.  A.  C. 
5660  8. 
5888  N. 

B.  A.  C. 
4*03  S. 
5997  N. 

1650,  J<UK  94  

•      i  ,r 

31  09  96  .95 

31  09  i4  IO 
31  09  94.44 
31  09  96.33 

•   i  /■ 

.   i  „- 
31  09  97.53 

•   ,  .. 

*       •  It 

31  09  99.16 

31  09  98.85 

31  09  99.96 
31  09  97.17 

Ul  O!  36  96 
:<l  03  35.03 

31  09  97.10 
31  09  97.54 

Latitude  bjramcaii  of  each  pair. 
Correction  {nt  decHnatiooa. . . . 

31  09  98.00 
0.00 

31  03  93.00 
-  1.95 

31  09  98.65 
6.00 

31  09  97.53 
0.00 

31  09  98.93 
+  0.39 

31  09  96.99 

+  0.05 

31  09  97.39 
0.00 

31  09  ».» 

31  03  33.05 

31  09  9*. 85 

31  09  97.13 

31  09  9B.S5 

31  09  96.34 

31  09  97.39 
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Dua. 

IB*  pair. 

17th  pair. 

l«th  pair. 

lfcttpair. 

90ib  pair. 

B.  A.  C. 
iSKBB 

B.  A.  C. 
8147  8. 
8170  I«. 

B.  A.  C. 
0941  H 

B.  A.  C. 

oa»e. 

03SSN. 

B.  A.C. 
S3418. 
8356  N. 

B.  A.  C. 

1B5-2-,  June  M.4 ••>•••>■*■>■■ . . 

»  i 

31  oam.ta 
31  oas7» 

31  OS  98.70 

•  i 

31  00  37.91 
»  OS  38.Pl 

31  oa  95.38 

•     r  <' 

31  09  !7.» 

•    1  u 

31  Ot  99.49 
31  09  93.W 

•   /  ,i 

31  01  99.39 
31  01  93.34 

•  i  /. 

31  09  98.98 
»  09  98.73 
31  08  «.;m 

Latitude  by  a  new  of  each  pair. 
Cmecdau  fordwltnatinaa.... 

•  •••••  ••••••  •••aa. 

31  OS  97.33 
o.oo 

31  09  47. 74 
-  l.M 

31  «  37  .98 
-  0.88 

31  09  99.70 
+  0.90 

31  01 13.00 
+  1.47 

31  01  97.33 
—  1.73 

31  01  97.33 

31  01  95.78 

31  09  97.17 

31  09  94.(9 

31  01  94.53     |      31  01  85.00 

TABLE  XI-CootimuMl. 


a. 

9lat  pair. 

Komiu  fnr  latitude 

fade  b>-  a  mean  of 
etth  aifht,  (da- 

lal««l«. 

3d  rerall. 

Final  rcnult.  (Wta*; 
a  mean  of  184,94, 
SdraaoJla.) 

Data. 

B.  A.  U. 

Lax.  by  a  mean  ot 
ail  the  palra,  (a* 

Lai  by  a  mean  of 
all  It*  ohwva 

I. at.  by  a  raeaa 
n-.ulti.  fcr  rach 

clinatlaoa  oor- 

rcclad) 

1  ^53,  JUD*S  94a>*aaaa  ••••••••• 

90. ...a... 

•  <  » 

31  09  97.03 
31  09  98.71 
31  03  98.41 

31  «*..<*> 
31  03  96.48 
31  OS  95.97 

•  i  » 

•   /  n 

•  »  » 

Latitude  fcy  a  mran  -if  cacb  pair 
Corrrcuutu  lor declinationa  

31  09  97.39 

—  1.7S 

31  01  SS.04 

31  09  91.13 

• 

31  09  91.09 

31  0916.97 

31  OB  98.13 
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TABIjE  XIa. 


Corrections  to  he  applied  to  the  remits  for  latitude  of  astronomical  station  on  the  Bio  Grande,  near 
month  of  the  cation,  in  order  to  introduce  the  elements  of  the  stars  given  in  the  Twelve-Tear 
Catalogue. 


i 

i 
e 


I 
t 


b.  a.  a 


T.  T.  C. 


36  37  29.9 

35  31  M.l 

95  48  17.5 

36  19  14.7 

93  55  94.9 
KM  93.0 

17  38  10.4 
M  17  97.1 

41  07  'M  4 
40  5»  88. 0 

14  94  47.7 

47  OS  SB. 9 

10  36  31.5 
43  34  40.9 

30  4*  01.4 

31  14  37.7 

30  13  98.0 

31  57  18.8 

15  10  S4.9 

48  47  03.1 

95  01  10.9 

37  05  511.0 


36  37  94.11 


25  4*  18.77 


ill 


-  0.73 


-  0.37 


1 


44  17  95.13 
91  07  27  45 


31  57  10.31 


+  9.03 


+  J. 


-  3.1 


-  1.95 


IS 


13 


14 


15 


17 


IK 


5841 
5795 


into 


5M? 


5869 
50tO 


6147 
6178 


GUI 


622) 

raw 


6341 


64.^3 


6301 


B.  A.  C. 


T.  T.  C. 


•   i  » 
11  01  51.4 
51  09  08.1 

94  30  07.9 

37  17  14.3 

*  52  59.9 

31  16  97.0 

30  39  59.9 

31  35  18.0 

30  39  3T.4 
»  99  19.T 

93  19  47.1 

38  48  31.4 


38  38  48.4 

93  99  14.9 
3b  3*  46.4 

99  97  34.8 

39  30  87.9 

99  97  34.* 
M  97  ».9 


11  01  3). 04 


94  38  07.30 


31  99  15  77 

93  19  45  13 
38  46  31.74 

93  30  30.14 
38  38  40.14 

93  39  15.11 


I  97  30.90 


29  97  30.99 


+  0.64 
+  0.10 


if 

is! 


+  0.3) 
+  0.05 


-  1.97 
+  0.34 

-  0.78 
+  9.74 

+  0.91 

+  9.74 

-  3.51 


-  IM 

-  0.89 
+  0.99 

+  1.47 

-  1.75 

-  1.73 
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TABLE  XII. 


Tabulation  of  results  for  the  latitude  of  astronomical  station  opposite  Presidio  del  Norte,  derived 
from  observations  made  with  zenith  telescope  No.  4,  on  twenty-six  pairs  of  stars:  By  Major  W.  H. 
Emory,  Chief  Astronomer  and  Surveyor  of  the  United  States  and  Mexican  boundary  survey. 


Date. 

1«  pur. 

3d  pair. 

3d  pur. 

4ib  pur. 

5th  pair.      1      6th  pair. 

7th  pair. 

H.  A.  C. 
4093  0. 
5073  K. 

B.  A.  r. 

4048  8. 
6064  N. 

n.  A. 
4139  8. 
5183  N. 

B.  A.  C 
5133  H. 
5I3U  N. 

II.  A.  C. 
5140  S. 
JlSn  N. 

B.  A.  C. 
5073  8. 
5895  N. 

B.  A.  C. 

i«-Jfi  r*. 

5460  N. 

1639,  July  15  

99  34  07.11  . 
98  34  08.49 

•    /  tt 

99  34  07.16 
S!>  34  Od.30 



.    .  „ 
S9  34  08.89 
99  34  OK. 77 

•    *  ji 

•    /  t 
39  34  08.39 
39  34  07.49 
99  34  08.71 

»  34  03.90 
S9  34  04  .46 
99  34  04.77 
M  34  05  * 

•  •  I  a                     ,  a  .  ,  .  a 

9»  34  11.00 

99  34  09.50 

99  34  07  .13 





>•■■•■  a  a. a  a  .  >a  >  a 

1 

i                    "  | 

Luiludo  by  a  hmui  of  neb  pur. 

89  34  07  IB 
-  0.96 

99  34  11.00 
-  9.74 

99  34  07.73 
0.00 

99  34  07.83 
0.00 

99  34  09.50 
-  1.10 

99  34  07.49 
-  0.60 

99  34  04.60 
0.00 

99  34  08. BS 

39  34  96.96 

99  34  07.73 

99  34  07.83 

99  34  08.40 

99  34  94.60 

Btfa  pair. 

10th  pair. 

Ulh  pair. 

ISth  pair. 

13th  pair. 

14th  pair. 

B.  A.  C. 
5597  8. 
5546  N. 

B-  A.  C. 
5677  8. 
S819N. 

B.  A.  C. 
58*38. 
5788  f». 

B.  A.  V. 
5900  8. 
508,  N. 

B.  A.  C. 
6091  8. 
5966.. 

B.  A.  C. 
6150  8. 
6087  S. 

B.  A.  C. 
6941  8. 
6995  N. 

.    ,  « 

99  34  06.86 
29  M  06.50 

•     ,  r 

99  34  06.74 

•      .  A- 

49  M  03.54 
99  34  06.34 
99  34  04.93 
99  34  06.49 

S9  M  04.11 
99  34  03.99 
99  34  04.19 
99  34  03.19 
99  34  03.55 
39  34  09.71 
99  34  09.50 

99  34  04.90 
99  34  03.97 
"99  34  04.71 
99  34  05.49 
99  34  03.09 
99  34  04.97 
39  34  03.70 

'Jb  M  08.91 
99  34  06.17 
39  34  07.50 
99  34  07.74 
99  34  07.67 
99  34  07.69 
39  34  06.93 

'JO  34  07.89 
9*  34  07.94 
99  34  07.68 
39  31  07.49 
99  34  01.69 
99  34  06.39 
99  34  07.41 

9V  34  09.05 
99  34  09.59 
99  34  06.49 
39  34  08.69 
39  34  08.70 
99  34  06.00 

99  34  06.49 
99  34  07.31 

Aug.  10....,....,.,..,... 

S3  34  06.65 
99  34  06.49 

Idtlrad*  ky  a  uaaa  of  each  pair. 

99  34  05.61 
0.00 

99  34  03.40 
0.00 

99  34  06.73 
+  0.93 

99  34  04.30 
+  1.69 

US  34  08.76 
0.00 

99  34  07.73 
+  0.10 

99  34  07.19 
—  1.06 

99  34  09.81 

99  34  03.4(1 

99  34  06.96 

99  34  05.99 

»  94  08.76 

99  34  07.89 

39  34  06.04 
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17ih  pair. 

H«h  pair. 

IVth  pair. 

SUI  pair. 

Kdpair. 

B.  A.  C. 
6453  S. 
6468  N. 

B.  A.  C. 

urns. 

6SW  N. 

B.  A.  C. 

6648  a. 

6740  N. 

B.  A.  C. 

t673.«. 

6740  N. 

B.  A.  n. 

6714  H. 
8740  N. 

B.  A. <:. 
6794*. 
8*17  N. 

•    i  it 

•     r  1' 

• 

.    ,  „ 



B  A.  C. 
6387  8. 
6  *.<  N 


16lti  |».r. 

B.  A.  C. 
63*7  8. 
6354  N. 


i  July  15. 


49  34  07.84 


89  34  0.-..50 


18  ,  , 

18  ' 

81  j  S9  34  07.4* 

SS  I  99  34  08.65 

AdflO  ,  '  99  34  04.46 

IS  I  39  34  04.40 

ID  I  3U  34  04  46 


Latitude  l>y  *  mi  of  curb  pair 


99  34  08  04 

-  0.01 


99  34  01.70 
90  34  03.53 
89  34  68.16 
39  34  07.93 
99  34  06.06 
99  34  VS. 89 
29  34  06  36 

S9  34  ng.es 
+  1.44 


2J  .-U  Oil 
39  34  09.54 
39  34  (19.79 


951  34  08  47 
99  31  08  00 
99  34  08. ts} 
29  34  (W  ;i> 
99  34  OT.1K 
99  34  08.8O 
99  34  09.68 


39  34  07. Ot      89  34  06  48     99  34  I*. 40   

*>  34  06.87  i  2»  34  07.6I  99  34  07. S3  99  34  09.90 
99  34  07.99  i   99  34  09  63 


99  34  OS. 73 
29  34  0.1.35 
99  34  06  .4!) 


99  31  09.77 
-  1.71 


29  34  06.79     29  34  08.48 
+  0.3*  +  0.09 


99  34  04.911 
99  34  05.38 
39  34  05.81 

29  34  08.04 


99  34  04.84  ■  99  31  09.88 
99  34  06.49  j  «9  34  07.04 
39  34  06  04  1   99  34  OS  99 


29  31  06.96 
0.00 


39  31  09  «9 
+  0.94 


SO  34  06.03     99  34  08.14     99  34  06.06  ,   99  34  09.16     39  34  06.64 


99  34  06.04     9>  34  06.90     99  34  09.96 


TABLE  XII— Continued. 


Cm. 

23d  paii. 

94th  pair. 

;*, 

«  r  V. 

^  "£  s 
%  "  • 

e  5 
S  *  £ 

Im  ro»ulu 

8dn*nlt. 

3d  remit 

1 1 1 

I  ' 
111 

n  — 

2  s  s 

'  5  1 

E  E  = 

5  a  3  t 
J 

o  -e  a 

S  8  a 
S  s 

•  til 

0  fc  c  «> 

B.  A.  C. 
688*8. 
MSI  N. 

B.  A.  C. 
6883  8. 
0851  S. 

B-  A.  C.          B.  A.  C. 
6973  S.           6978  S. 
7099  S.          70«  N. 

•    /  n 

•     /      ')              •     1  n 

•    ,  „ 
99  31  07.19 
99  34  07.00 
99  34  07.37 
99  34  07.69 
99  34  07.97 
99  34  06.84 
99  34  06  05 
99  31  06.76 

•    t  ii 
98  34  07.81 

• 

91  34  07.06 

*  #• 
99  34  07.09 

99  34  07.60 
»  34  07.61 

29  34  OS  44 
99  34  06.07 

99  34  10.14     SB  34  10.54 
99  34  10.15     99  34  09.e9 

99  34  07.07 
S9  34  06.74 
99  34  07.36 

89  34  011.79     99  34  09.64 
99  34  08.31     99  34  08.90 

Lautoiln  by  o  nion  r.  [>nch  (Wir, 

99  34  07.98 
0.00 

99  34  05.76 
0.00 

99  34  09.60     99  34  09  74 
0.00  0.00 

99  34  07.98 

90  34  04.76 

99  34  00.60     90  34  09.74 

Latitude  o/  aatruuomical  Halloa  oppoalu  Praaidlo  del  Ham,  (moan  of  Ut,  3d,  and  3d  nxulu)   —  9B'  34'  07".U 
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A&TRONOMY. 


TABLE  XII  «. 


Corrections  to  he  applied  to  the  result*  for  latitude  of  astronomical  station  at  Presidio  del  Norte, 
in  order  to  introduce  the  elements  of  the  stars,  as  given  in  the  Ttcelvc-  Year  Catalogue. 


* 

1 

'c 

1 

i 


5 

c 

•: 

5 


4993 

5079 


50M 


£133 
5193 


5133 
5130 


V) 


13 


B.  A.  C. 


T.  Y.  0. 


95  40  49.13 


91  07  15.70 
37  54  06.16 

17  %  30.43 
41  30  38.30 

17  38  30.43 
41  94  39.  OS 


S146 
5168 

18  09  15.41 
39  50  99.14 

ana 

5994 

90  45  01.84 
38  99  50.89 

549$ 
5480 

19  11  19.SB 
40  04  07.93 

5537 
5944 

90  io  31.11 
3d  94  04.97 

5677 
3619 

94  54  37.10 
34  18  48.74 

4*3 
4788 

98  08  13.03 
38  07  49.98 

5S00 

90  IS  40.« 
38  59  54.13 

coai 
SMS 

97  48  46  .48 
31  17  13.04 

8150 
80*7 

98  44  39.99 
30  M  94.00 

99  40  47.81 


91  07  08.88 
37  54  07.55 


-  1 .99 


—  6.88 
+  1.39 


-  0.9 


-  9.74 


IB  09  13.91 
39  50  99.15 

90  45  00.84 


—  1.90 


—  1.10 

—  0.80 


90  19  44.99 


98  -11  51.92 


+  0.47 
+  3.38 


-  0.47 
+  0.89 


+  0.S3 
+  1.69 


21 


+  0.10 


s 

1 

w 

0 

>KUI 

ATlnM. 

c 

11 

£ 
a 

! 

*> 

1 

§ 

i 
* 

z 

B.  A.  C. 

T.  V.  C. 

Ul 

,. 

8941 

6935 

•  i 
93  14  57.13 
36  00  11,14 

•     i  „ 
93  19  55.3J 
30  00  10.78 

-  .1.81 

-  0.36 

-  1.06 

15 

6W7 
6349 

90  94  36.31 
38  46  44.14 

«  46  44.11 

—  0.03 

-  0.01 

18 

6387 

90  94  39.31 

6355 

38  39  00.99 

38  39  03.14 

+  ,90 

+  1.44 

17 

6453 
84Bt 

99  97  49.68 
38  49  57  95 

99  97  46.95 

—  3.43 

—  1.71 

8648 
6740 


-1  uk  ir,A\ 


99  90  19.04 
99  48  59.30 


37  59  98.73 
99  90  19.91 


+  0.77 
+  0.17 


+  0.39 
+  0.09 


i  09  10.83  I. 


8740   I     99  48  59 .30 


8714   |     99  08  99.06 


sun 


8784 

6817 


6B51 


6«3 


6973 
7099 


99  48  49.X 

18  46  35.30 
40  13  37.94 

94  93  40.51 
34  41  36.93 

94  31  41.36 
34  41  36.99 

97  91  53.99 
31  43  00.37 

97  19  99.98 


40  13  37.73 


....  •* .. 


+  0.48 


+  9.94 
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table  xnr. 

Besulisfoi-  latitude  of  Eagle  Pass,  from  observations  made  with  sextant,  by  Lieut.  MicJiler,  in  1852. 


AUCUBT  19. 


AUGUST  ! 


rol»n». 


l  Sutmanl. 


38  48  17. « 
88  49  41.9 
88  48  31.1 

9n48ai.o 
SH  48  ».a 
88  46  91.0 
88  48  49.9 


Sum  .. 

Mran. 
Coir.H 

Luby 


3u;i.: 


98  4B  99.07 
1  38.00 

«)  48  S7.07  I 


<  .'i 
44  47.9 

ae  U.7 
se«s,4 

5*  06.4 
S6  03.0 

se  iu.4 

46  07.8 
56  04.8 

4558.0 

iS  44.8 

se  01.5 


=  14)079  48.8 


Lal.br 


Meaa  n 

Dltt,  T'jr  n-froctjan. 


94  50  04.7 
1  38.17 


MrridlinilUUKk..  —  96  M  94  S3 

(8)...  =  34  96  47.30 


•I  91  9J  .K1 

>o  oo  oo. no 


Loi.br  19  oIk'iu..       98  38  37.17 
Lftl.  by  otMxrat'iM 
on  I'olMto  =  88  4t  47.07 


Sum  .. 


99  49  17.1 


•   1  „ 

•    i  « 

»  40  37.8 

96  44  43.3 

98  «  43.5 

96  45  48.9 

98  48  38.8 

96S4  5S.S 

98  48  37.1 

96  M  17  6 

96  56  0S.7 

=  4)  148.3 

96  46  87.9 

96  48  19.6 

=  88  48  38.6 

98  48  04.1 

==         1  38.98 

98  46  10.4 

98  48  99.7 

—  SB  47  07,3 

98  48  17.8 

96  46  11.0 

96  44  41.9 

96  44.3B.0 

96  SO  ui'j.O 

gun  , 

Mai 

Coir.  Ibr 


,  =15)  840  44.0 


=  96  96  03.7 
a        1  38.18 


Mrriiiisn  alutudi.'.. 

Sur>ia'ecl'ii(8)....' 


98  44  94.49 
31  96  47,00 


61  91  91 .» 
SO  00  00.00 


IML  byi  Soglturii.  98  38  38.48 
Lot.  by  PolsrU....  =  98  47  87.34 


Sum 


=9)57  Sr.  44  fj 


,  =    29  43  WJ.SI 
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ASTRONOMY. 
TABLE  Xlll-CootlnncJ. 

Result  for  latitudes  of  Eagle  Pass — Continued. 


98  47  10.9 
»  48  55.8 

98  40  4».a 

98  46  V.  I 
98  46  43  0 
06  47  03  5 
98  47  04.0 


M«an.... 
L»t.b>n« 


153.4 


46  59.1 
an  roJ»m  =  28  46  50.1 


30  57  W .03 
30  57  5J  70 
30  47  48.64 
30  57  41.* 
30  37  41. 9  -. 
39  57  51.10 
»  57  54  Sil 

30  37  58.7!) 

31  57  43.4S 
30  57  *.<U 
30  57  48.33 
30  57  57.61 
30  57  41.37 
30  47  44.93 
30  57  40  46 


.     .  « 

»  46  41.3 
96  47  0[.l 
96  47  H.7 
98  47  10.3 
96  47  SJ.5 


 =       47  03.4 

by  n»a  04"  5 

=  98  47  05.4 


.  «.  15)  794.03 


.=  30  57  46.97 
d«l'n(8)...=   30  *4  05.00 


CI  9t  53.97 
00  00  00.00 


.  =  98  SS  06  73 
.  =   9S  46  50.10 


Sum. 


,  =9)57  95  05.83 


Latitude. 


•      I  u 

30  56  01. a 
30  57  33.4 
30  57  40.9 
30  57  43.1 
30  57  47.3 
30  57  49.8 
30  37  J3.4 
30  57  30.V 
30  57  99.4 
30  57  W.O 
»  47  19.5 
»37  51.0 
30  57  ».4 
30  57  16.6 
30  57  98.4 
30  57  90.0 
30  57  93.5 
30  57  39.6 
30  57  38.9 
30  57  93.9 
30  57  59.4 
»  58  03.7 

813.1 


=   30  57  36  9 
«ai,.d««l'o(S.)...=  30  94  05.0 


«l  21  41.9 
90  l»  00.0 


I.U.  by  fomalbaut..  =  9S  38  18.1 
lM.  by  Polaris  —  98  47  05.4 


L»lllud«  =    9*  49  41.7 


Results  for  latitude  of  Eagle  Pass,  for  each  date  of  observation,  in  1852. 


Latitude  by  7  otacmnlom  n»  Pnlart*. 
Latitude  by  19  obwrvailou*  mi  t  S 


•     ;  r, 
=    9?  46  57.07 
-     98  38  37.17 


90     Latitude  by  4  obwrvnifconi  oti  Palaru  

Latitude  by  13  ob»crvalluM  on  t  Pagtturii.. 


8     Latitude  by  7  obtemtioiu  on  PoJani..  .. 
Latitude  by  15  obecmtioM  on  FamaMraut . 


4)5}  Jti  34.94 

9fl  44  47.19 

II  II 

96  47  07.34 
9*1  38  36.46 

9)57  95  45.89 

98  49  59.91 

96  46  S9.I0 
96  38  96.73 

9)57  95  05. S3 

96  4S  32  V. 
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TABLE  XIII-  Continued. 
Results  for  latitude  of  Eagle  Pass  for  each  date  of  observation — Continued. 


Sept.    9     Lllitud.  by  6  obM-mix*.  on  Poland  . 

b)M<j 


-  »  47  O.V40 

—  38  38  18.19 


«.  a:*7  ss  as.so 


•is  4-i  41.7* 


RECAPlTCLATICy. 


19.1 
90 


I  •  •  • 

-.*■•■»■** 


 •  ••  •-**    •   •  *  *  

 *  


•    i  /< 
•8  42  47.  H 


«    98  43  41.73 

4)  iw  TTta 

=         49  43.07 


43. "67. 


TABLE  XIV. 


Tabulation  of  results  for  the  latitude  of  astronomical  station  at  Ringgold  Barracks,  derived  from 
observations  made  with  the  zenith  telescope  No.  4,  cm  thirty-two  pairs  of  stars:  By  Major  W.  H. 
Emory,  Chief  Astronomer  and  Surveyor  of  United  States  and  Mexican  boundary  survey. 


IM  pilt. 

2d  pair. 

3d  pair. 

40i  (Mix. 

6Ui  pair. 

7th  pair. 

B.  A.  C. 
40-WN. 

B.  A.  C. 
4387  B. 
4433  N. 

B.  A.  C. 
4468  8. 
IBS  N. 



D.  A.  C. 
4468  8. 
4038  N. 



B.  A.  C. 
4363  8. 
4640  N. 

B.  A.  0. 
4366  fl. 
4640  N. 

B.  A.  C. 

4':v>V  V 

4739  8. 

1853.  JiMM  4.. ................ 

•  i 

................ 

«SJ  34.14 

•    l  u 
96  99  28.90 
28  Si  31.47 

.    /  a 
16  99  27.91 

-    '  /. 
96  33  23.06 

•    /  u 
98  23  29.96 

•    i  <■ 
90  -ii  96.76 
96  93  30.36 

 .*..'.....'.. 

96  39  93.83 

96  U  38.99 

96  33  29.36 

98  22  Jfi.ti 
SS  99  98.73 

96  99  99.10 

96  93  96.98 

Latitude  by  >  nana  or  rich  pair. 

96  23  94  14        48  (B  97  .74 
0.00             -0  34 

96  99  97.9} 
U  00 

96  SJ  45.66 
+  0.4J 

96  99  38.74 
0.00 

96  99  93.37 
0.00 

96  93  34.14 
0.00 
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AHTRONOMT. 


TABLE  XlV-Conlinuod. 


OmU. 

8th  pair. 

•Hi  pal'' 

10Ut  pair. 

lltb  pair. 

18th  pair. 

i  ; 

13th  pair.          Hih  pair. 

B  A.  C. 
4781  S. 
4763  N. 

a.  c. 

1147  8. 
1163  N. 

B.  A.  C. 
47M  a. 
4783  ti. 

B.  A.  C. 
4W4M. 
4693  8. 

B.  A.  C. 
4664  N. 
•ISW3  8. 

G.  C. 
1373  N. 
I'JUI  0. 

B.  A.  C. 
5359  S. 
5473  N. 

•       1  1/ 

•      r  ,v 

•        '  ft 

•    i  .< 

•  ■ 

•    i  if 

•    i  ft 

96  OS  94.60 

96  99  48.76 

96  88  86.74 
96  88  30.44 
86  88  87.50 

96  »  96. IS 
96  89  96.09 

96  98  96.84 
98  8*  96 .50 
86  89  87.46 
98  99  87.10 
98  99  96.69 

96  98  87.06 
86  88  86.14 

96  83  30.48 

98  89  96.99 
96  29  28.48 
96  88  88.08 
96  99  97.74 

86  88  8H.59 
86  33  88  98 
96  99  97.93 

96  99  39.13 
96  99  99.40 
98  98  98.38 

98  88  30.18 
96  81  30.34 

Latitude  by  t  mean  of  each  pair 

•••**••*••••>■■• 
••*■■• 

96  99  94.90 

0.00 

96  99  97.3* 
0.00 

86  99  98.76 
-3.40 

86  88  96.80 
+  0.10 

B6  99  S7.» 
-0.96 

96  8J88.7* 
0.00 

96  98  30.37 
0.1X1 

96  99  94.90 

96  99  97.36 

96  99  93.36 



96  83  86.80 

96  88  97.03 

96  93  9B.76 

96  88  30.37 

TABLE  XIV-ContlntwA 

l&tfc  pair. 

IGUi  pair. 

17th  pair. 

18tli  pair. 

lOlh  pair. 

9*1.  pair. 

Hat  pair. 

O.  C. 
1341  N. 
1417  8. 

B.  A.  C. 
3453  8. 
5473  N. 

C.  C. 
1339  N. 
1417  8. 

«.  C. 
13M  N. 
1417  8. 

n.c. 

I960  N. 
1416  8. 

B.  A.  C. 
4714  8. 

B.  A.  C. 
8714  8. 
5885  V. 

•   i  *i 

•    i  <i 

.    ,  „ 

•    r  't 

•    t  m 

96  91  96.38 
36  99  30.76 

86  89  30.94 
96  98  31.40 

96  89  30.80 
86  88  36.74 

96  93  24.6? 

96  39  97.18 
96  99  30.8? 
96  89  96.39 
96  83  94.83 
96  88  83.38  1 

96  93  85.98 
96  98  83.07 
86  88  83.M 
86  88  84.47 
96  «  84.46 
96  93  35.43 

96  99  30.63 

86  98  86.16 

86  99  30.98 
96  99  30.16 
86  89  31.74 

86  89  30.08 
96  93  99.73 
96  93  39.69 

Latitude  by  a  menu  of«*cb  pair. 

96  89  30.07 
0.00 

88  89  30.88 
0.00 

88  99  31.17 
0.00 

86  99  30.47 
0.00 

96  93  99.3V 
0.00 

96  93  96.69 

0.00 

88  98  85.96 
0.00 

86  99  30.67 

86  99  30.68 

98  99  31.17 

96  33  30.47 

96  39  90.39 

96  99  98.68 

96  88  96.96 
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TABLE  XlV-Contlnued. 


90d  pair. 

33d  pair. 

94th  pair. 

93th  pair. 

2Cth  pair.       97th  pair. 

 ;  

9Mb  pair. 

9(lb  pair. 

II.  A.  C. 
3941  8. 
6089  N. 

B.  A.  0. 
3B4I  S. 
•068  N. 

0.  C. 
1114  8. 
1388  V 

B.  A.  C. 
6498  N. 
6460  8. 

«.  c. 

1633  N.      K.  1830  0.  C. 
1738  8.       8.  6863  B-  A  C 

B.  A.  C. 

(460  a. 

6476  N. 

B.  A.  C. 
84*3  S. 
6338  8. 

•    t  tt 

•    (  < 

•        f  tf 

•      1         tt              •      #  I. 

•    i  n 

•      1  If 

98  39  38.49 
98  33  96.73 
98  33  37.31 
98  33  36.87 

98  33  38.68     98  91  97.86 

98  93  36.3* 
98  33  41. 99 
38  93  W.30 
96  39  37.9H 
W  33  27. « 

08  93  37.43 
26  33  98  AO 

90  33  23. 70 

96  39  28.0* 
95  33  29.35 
■X  22  38.53 
98  33  38.33 

98  33  30.98     98  93  *  tU 
•JO  22  97.79      98  03  37.37 

96  93  -X.M 

at  9i  38. » 

98  23  37.31 
98  33  98.88 

99  

96  33  36.17 

96  33  38.38 

Latitude  by  a  mean  of  r*cb  pair 

98  93  97.08 

-  in 

96  33  37.64     98  93  37.70 
-  O.W  0.00 

98  S3  98.6* 

+  1.83 

96  93  38.81     38  3t  37.86 
0.00  o.«o 

96  93  99.07 
-  8.60 

98  33  97.45 
-8.94 

9S  93  98.93 

98  93  98.78     98  93  37.70     »  99  98.93 

98  39  98.61     96  93  97.66 

«B  93  98.47 

38  39  97.31 

TABLE  XIV— Continued. 


30tb  pair. 

Slat  pair. 

33d  pair. 

by  amrau  nf 
each  night, 
(dtcllucor- 

f  •H-ird. ) 

la*  ITtMH. 

9d  rawUt. 

3d  malt    !  Ptulraeuli. 

1 

B.  A.  C. 
6648  IS. 

-"■ 

B.  A.  C. 
8(47  8. 

B.  A.  C. 
6744  K. 
6773  8. 

;  ss 

a  i" 

«i  s- 

J>  ■  y  S 
.  *  *  V 

*3  iS 

3  o  t  Z 

I,  Is 
tl  » 

^  SI 

S*J 

•    '  ■ 

•    i  tt 
98  93  97.31 
98  S3  97.49 
96  99  99.9* 
9(93  38.30 
38  99  97.38 
98  99  97.35 
98  99  98.16 
98  93  97.79 
98  29  38.00 

•  <  ii 

• 

•    f  « 

•  >  * 

98  93  30.49 
36  22  W. 66 
91  99  99.93 
2*  33  30.98 

96  93  31.76 

96  93  98.55 
36  23  98.41 
•JO  43  97.39 
36  99  97.84 

LadtnOc  by  imnn  t>( rar-h  pair 
Correction*  Hr  dwlluaiiorn  

9t  99  99.88 
0.00 

98  93  31.76 
-  9.37 

98  93  37.59 
+  0.93 
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A8TRONOHT. 

TABLE  XIV  a. 


Corrections  to  be  applied  to  the  results  for  latitude  of  astronomical  station  at  Ringgold  Barracks,  in 
ord<T  to  introduce  the  dements  of  the  stars,  as  given  in  the  Twelve-  Year  Catalogue, 


.  if 


4 

I 

I 


5 
= 

•: 
s 


n.  a.  c. 


I 

49M 

40  06  39.5 

HiW 

12  48  43.4 

< 

4357 

II  48  91.7 

4433 

40  M  55.0 

a 

4468 

II  56  90.9 

«;» 

37  48  08.4 

* 

4468 

14  56  eo  ,9 

4538 

3?  5?  07.1 

5 

4393 

a  17  50.3 

4040 

49  23  14.1 

6 

4566 

S3  15  38  .4 

4640 

29  93  14.1 

1 

4659 

39  45  57.9 

4799 

1»  57  56.3 

P 

4741 

13  39  55.5 

4783 

3*  04  83.0 

9 

1147 

1163 

10 

4751 

13  44  03.3 

4783 

39  04  93.0 

1) 


la 


S?  10  08,4 
V  3t  11.5 


T.  Y.  C. 


!    8  8 

Si  . 
1   I  |  I 


B.  A.  f. 


T.  V-  C. 
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Tabulation  of  residts  for  the  latitude  of  astronomical  Motion  at  the  mouth  of  the  Rio  Bravo,  derived 
from  observations  made  with  zenith  telescope  No.  i,  on  twenty  pairs  of  stars  :  By  Major  W.  H. 
Emory,  Chief  Astronomer  and  Surveyor  of  the  United  States  and  Mexican  b  undary  survey. 


la  pur.    i     *d  pur. 

3d  pair. 

4th  pair. 

5th  pair. 

6tli  pair. 

Till  pair. 

0tl>  pair. 

O.  C. 

law  n. 

UD8. 

G.  C. 
1577  N. 
1537  S. 

B.  A.  0. 
6480  K. 
5533  8. 

B.  A.  C. 
5367  B. 
5433  N. 

B.  A.  C. 
5686  8. 
57*)  N. 

B.  A.  C. 
5716  9. 
5768  N. 

B.  A.C. 
5931  P. 
5366  N. 

B.  A.  C. 
5393  N. 
5341  8. 

•    i  •< 

•    t  » 

ti  57  11. m 

SS  57  38.14 
35  57  91.85 
35  57  33.78 
35  57  22.38 
35  57  31.  S3 
35  57  81.90 
35  57  33.30 

.    ,  ., 
35  57  13.50 
39  57  33.77 
35  57  30.34 
35  57  91.11 

•    /  ii 

•    i  » 

•    i  .( 
35  57  33.75 
35  57  31  45 
35  57  81.68 

35  57  31.77 
35  57  30.09 
35  57  30.06 

•       1  't 

35  57  33.67 
35  57  31.95 
95  57  91.38 
35  57  31.71 
35  57  31.18 
35  .'.7  43.13 
35  57  ».»■ 
35  57  33.73 
35  57  93.3H 

35  57  33.00 
95  57  31  31 

35  57  33.74 
35  57  83.76 
35  57  33.61 
35  57  33.3* 
45  57  33.66 
35  6?  33.81 
35  57  33.37 
35  57  33.33 

35  57  33.86 

35  57  90.53 
35  57  31.80 
85  57  30.68 
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3.'.  57  If  ,62 
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93  57  33.58 

S3  57  99.16 
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35  57  31.83 
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83  53  90.04 
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35  57  33.93     35  57  19.35 

35  57  39.93 
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•    .  a 

•    .  n 

•    •  n 
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35  57  33.60 
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•••«  ••»•  •••••• 

18,  1853  

Lai.  bya  m'n  of  each  pair 
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W.  H.  Emory. 

r*>. 

Do. 
Do. 


Lieut.  Whipple. 
W.  II.  Kmory. 


Do. 


106  37  59.0      1853  M.run'. 


•n.  Lieut.  Whipple. 
W.  II.  Emory. 


I 

>    1851  8taT.Urttu.tK-.lmul. 

tanootwly  obrwr'd 
|   at  Kronlera. 

106  48  a. 5     l«(  I  Survey  


1UG  50  56.95 


108  04  50 
108  01  16.3 


109  09  17 
109  11  45 
11*194  45 
100  47  10 


1861 

1851 

1851 

ISM 
I  Ml 

mi 

1851 

net 

1851 

1815] 
1851 
1851 


Bbrttal  Aaebea  

Triaiutyilation  (mm 
aetronoml  atarion. 

Flashea  of  gunpow- 
der. 

....do  

....do   .  .. 


....do.. 
....do.. 
....do-. 


Do. 
Wlipule. 


D" 
Do. 


Do. 


Do. 


Do. 
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LalilUtU  n'irlh 


Camp,  Salt  Lake  Sticlfi»,  October  14,  I&S1 
Hellor  Maui'!  terminal  point  of  parallel 

3T 

4*ai»p  nnr  terminal  point  

Ca.tro  Spring.......  .,  

Pom.  In  valley  of  Saoa,  bed  of  Eio  Statu 
DomiMfo. 

Qni'rcv*  CnRon    : 

Fir. I  flail. m  on  Kin  «a»  I'edro.   i 

San  Pedro  Hjirlnt"  

Tacwii  luinjiMiniieal  nation... 

Tociun  <cliurcb)  , 

Htation  6  milei  north  of  Tubac, 

Tiihoe  

Htatlon  near  the  rniaaJun  of  TouM>e«i.-ort..| 

i>Jd  del  Hopnel  j 

lUtlio/i  .    

H. K'lei.,U  of  Ankara    

I.  a.  Kon,ul>laa  

Near  the  Sierra  dr  la  Arteia  

Station  upon  ton  mail,  July  lStb 
Slilimi  upon  1h«  mail  between 

and  Sierra  de  la  Narla. 
ftaliuii  upon  Uw  road,  July  IMUi 

Altar  (£onora)  

•  l.o.  Mogalee  

Ajtroo'l  elation  at  lirad  of  Saiila  Crtta  river 
Santa  Cru*,  (church)  


39  Oi  38.8 
39  39  01.0 

39  S3  os.e 
33  95  54.6 
33  -tO  05.7 


When 


31  M  IS. 
31  54  31. 
31  AO  59 
39  19  :u. 
39  19  54 
31  41  58, 


31  34  47. 
31  43  54, 
31  39  40. 
31  35  03. 
31  M  97. 
31  S3  08. 
31  46  48 
31  43  37, 


Ifi 

-1,1 

-.6 
t-l 

LCI 


31  39  94.74 

IH55 

30  49  44.96 

1H54 

31  91  00. 1 

1*55 

31  17  36.3*1 

1655 

31  13  M.5 

1653 

OliwniT. 


II  iw. 


1IMI  !  Sextant-. 
1(61  Mootic 


1661  Sextant. 

1SSI  ....do... 


K.  ......  ...... 


truant.. 
Survey.. 
Sextant.. 

...do.... 


110  06  »  • 

ISS1 

1)41  11  .19.0 

1*51 

110  19  10. 3 

1951 

Mixm  mlimnarion.. 

110  .VI  10  ,0 

IS59 

110  39  55 

1839 

....do.  

110  57  06 

1859 

....do  

110  I 
110  : 


Lieut.  Wfh.|.u»e. 


Do. 

Do. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Cape 


111  II  04  Oi 
111  14  19  60 


.  .do.. 
..do.. 


.do.. 


Ill  47  03.43 
119  14 


l*5j 
1855 
1*55 
1855  1 
1855  I 


Be  nam  

  ... 

....do.  

*.  ..do  

. • . do  


....do   Ill  44  19.0 

Z-nllh  Iclciu'opr. ..    110  51  09.1 

....do  

Survey  from  airlro-    110  30  97.3 
nomical  .talion.  I 


1855  I. ...do... 


1854 
IHSJ 


Moon 
Surrey.., 


Agva  Pnetn  Ravine.... 

Han  Bernardino  

San  Luim  Spring  

Arua  del  Perro  

F.«pla  

CarrixalilUj  

Jano.,  


—  


Corralito.   

Port  Fillmore,  in>U< 
Tort  Fillmore,  (oltfc 


.latlnii). 


quarts 


Prontcrn,  (M^J  Knior)  '«  ..I...  .  va|..r; )  , 
A-ironomkal  nation,  near  initial  point 

of  boundary,  (p*'»IM  31 '47'.) 
Inlilal  polw  '»  river,  on  |«inill<  I  :ir  47  . 


Monument  near  iuiti 

bank  or  river. 
t>  P»-o  drl  Norte,  (Malaxar'.  ol«.  rvalnryj 


El  Pa»n  del  None,  i  cathedral).. 
Sin  F.lc.'iirlo,  (ooirrvatney}.... 


i*nn  F.l.-i  iiftii.  /fnlli'-ilr.-il  ■  

M.urii  i.rc:i,i.iii.  .  Major  Emory  '«  vtwn  ■ 


31  1*  93,3 
31  1»  40  ,35 
31  90  39  tw 
31  90  57.56 
31  90  56. 43 
31  50  .V.  ,9i 
311  .Vi  110. 0 
311  43  35  0 
3J  13  34  e 
Jl  13  *,J 

3)  *<  44.31 
31  01  il'J.O 

31  4?  00  0 

31  4,"  OU.O 

31  41  J\,7 


31  44  15.7 
31  3%  I  J  .flli 

31  a»  09  3 
31  l>2  96.15 


laii  | 

In55  ; 

laii  | 

I  lei.".  1 
IS55 

IH.VJ  : 

! ' 

l*5S 
In.'.  J 


!<e»iant  

Zenith  ti'lrt^ope. 

  do  

 do  

 do.......... 

 do  

H*'*lan! — ..  ... 


109  33  35.0 


1*55 


......... 


J.  H.  Clark. 

I  Do. 

1  Lai.  by  Lt  vTtipple 
and  long,  ny  Om  mw- 
;   vary  of"  tfnited  .^tataa 
j  boundary  roagmtml. 

Do.  do. 
J.  M.  Oar*. 





nvil  i 


Hurvey  irom  nutro 
noinirnl  »lntloii. 
Zonitli  Ifli  xop.-  . 


1359 
1859 


mirvey. . 


Do. 
V.  II.  Emory. 
Do. 


I 


 do.. 


1051 


Trauaita  over  prime 
vertical. 

 do  


>*59  j  ZrnlUl  ti  lenciipc. 


108  33  IH.5  l«l-3 


ona. 

....  J.M. 


106  31  30.8 


la55  !  TrianfiUation  from 
1855 


106  16  13.6 
111ft  37  15.0 


1858   do  

1659  Flaahea  of  gunpow- 
der ooiultaaeonajy 
oba.a!6anKlePim.. 


05.4   |  1(09   9lcn«l tlaalioa alnrul  •  11-onf  by  W.H. 
I  tanenualy  obaervad     ry,  lat.  by 
,   ax  Frortiera. 

9»00  0  |  1659   do 

106  16  15.0 


W.  It.  Eanory. 


"Bine  thu  point  mi  eatablivlierl,  the  correapondinf  obaerrationa  at  Ureenwicli 
M»cr  Bnral ;  and  the  re-ult  deduewl  thenlrom  la  7*.  33m.  35a.3,  alioariraj  a  <lilT»-rcnce  of  11, 9  from  the  adnoir.i  | 
(  Moon  .  uloiUianou.  al~  nbaeivcrt  h,  Kalaur.  anrl  r.  ..ili.nr  lonrilnn.  fonnrl  orre.|w.o,l 


by  Prof.  Ain , 

W   II  F. 
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l.Jtitlldn 

N.>rlli. 


i<etiiixi.ykd. 


X'.ar  mouth  of  CaKon.  n  tiux«  San  Anto 
nii»  ronJ  *lnlsi(*  the  llto  Uravn. 

Pft-AlJui  it<  l  Nun*',  ^.Vliijtir  Kiriorv'a  o(» 
m-rvaliiry,  onjKi.itr  ) 

I'ritiilKi  tl^l  N i>n. iV-rittifdral),  

i  iini'  X"-  l,  MUIn,i'»,  sumi>n 

X"  I'l,  .HTvy  "t  Jiii.  ilniVM  il.-l  \nrtr,  | 

C*uij<  X".  »,  Hintn.ii  N.t.  I;«  

Ciunp  No  4,  :?talii  in  Xo,  171  

Cnot|i  Vti  .  i*.  Htatjon  Xo.  -J\l  

Camp  \".  6.  Station  \o   

C'ujii|i  No.  7.  Sutii.n  No.  >j:>,  o\y]tnr-iU. 

iliuutli  t,t  Rio  I'l'cd*. 
Camp  Xo.  IS,  atovii  Ki.ijlr  Knx*  ,  ... 


*>  31  07.13 


Whi/tl 
IMci 


lluw. 


l.iititilud*' 

WVit  ■>( 
tjmviiwicli. 


til.M.Tiiir, 


Hon. 


Hurv.'y  l/r.in  oJlro-     I0j  M7  S.'t,7      ltr.VJ    Survey  from  n.rny    M'.  H.  Emory. 

li»ilii':*l  nUukm.  lu'liui'iil  -tatioii, 

Znnlli  U'liftn-iipi'...    IM      (l.J    :  liv!3    M^in'nciiliiiirial'ji".  Ou, 


!»  3J.  .',3.l:>     l.-v^J   J,.   101  56  27.7 


I  S>J    Th&ii^ulalion  (torn  Salazar. 
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29  47  lif.9      l?vJ    Si'itant   IW  17  31.0    ,  Ita    siutij   I.iial.  Minhlcr. 


K<>rt  OntioFkrt.  ('rthc  ^fftir   

K^ll.  "f  Frmidi'J  de  iliu  OrHjiJe  

Fori  M<  Ijil'"Jt.  <a«tn>ii<i*ii*l  i1;iti-in.  nr:in 

F«ri  McIui.t)Ji  

11,'ilmolid'n  HajN'li,  nr  HrllTil.v  


I 


Klri|np>Ul  tarrnrki.  ,otiiii' rvntor\ |  

Ilmpfrold  l.airack-,         -tail  ..f  L..m,-.ii..j 

K>llulnir|;!i.  

UcynrM,  >!<■«.. o.  (tlllll.  h  )  

I.'l.l  Fort  lirown   
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Mouth  vt  itio  llnivo  
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Xcur  TartXfy  rri'#-k  
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'.;i 
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t.iui[iia.  ( \'; 

ASiniiM  GruTe  

Camp  nn  tlm  '1'aiclK 

t*n'(W  Camp  

IVa.1  Man'.  1|„V..., 
W-ll".  i'atn|i.  
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CHAPTER  IX. 


METEOROLOGY. 


Sir:  The  meteorological  notes  taken  during  the  march  from  San  Antonio  to  El  Paso,  during 
the  latter  part  of  1850,  though  sufficiently  interesting  of  themselves,  do  not  furnish  data  for 
averaging  the  temperature,  &c,  and  therefore  cannot  be  recorded  in  the  same  form  as  that 
adopted  for  the  publication  of  observations  taken  at  a  fixed  observatory. 

The  principal  and  most  interesting  portion  of  the  observations  is  the  result  deduced  and 
embodied  in  the  barometrical  profile  of  the  road  already  prepared. 

The  record  of  both  wet  and  dry  bulb  thermometers  was  carefully  kept.  The  highest  degree 
noted  was  on  the  23d  October,  1850,  at  3  p.  m.,  eighty-four  degrees ;  while  the  lowest  was  at 
sunrise  of  the  6th  of  December,  of  the  same  year,  when  the  mercury  fell  to  1°.5  Fahrenheit. 
These  results  are  interesting  only  so  far  as  noting  these  two  extreme  points.  From  the  nature 
of  the  marches  made,  it  was  impossible  to  note  with  any  regularity  the  daily  change  in  any 
of  the  instruments. 

The  chief  phenomena  noted  are  those  of  a  local  character.  The  effect  of  the  different  ranges 
of  mountains  and  the  long  succession  of  arid  plains  upon  the  condition  of  the  atmosphere  is 
shown  by  the  markings  of  the  hygrometer.  In  passing  from  the  shores  of  the  Gulf  to  San 
Pedro,  or  Devil's  river,  but  little  change  takes  place — the  same  succession  of  dews,  the  usual 
quantity  of  rain,  and,  indeed,  all  the  characteristics  of  a  climate  enjoying  its  proper  share  of 
humidity  are  met  with.  The  clouds  of  the  ubuuI  forms,  cirrus  and  nimbus,  float  about,  and 
nothing  as  yet  gives  notice  that  we  are  approaching  a  different  country.  One  single  day's 
march,  and  this  is  perceptibly  changed.  The  summit  of  the  valley  of  the  San  Pedro  reached, 
the  hygrometrical  condition  of  the  atmosphere  is  altered  at  once,  the  appearance  of  the  vege- 
tation is  different,  and  the  whole  face  of  the  country  shows  the  effect  of  the  diminution  of 
moisture  so  accurately  and  so  immediately  pointed  out  by  the  hygrometer.  We  cannot  speak 
with  certainty  of  the  effect  of  the  change  on  any  of  the  instruments  except  the  hygrometer; 
but  that  the  barometer  is  seriously  affected  there  can  be  no  doubt,  though  to  what  extent  can 
only  be  told  by  more  perfect  unhurried  examinations.  The  observations  point  out  the  existence 
of  such  a  change;  they  show,  too,  the  line  of  country  at  which  the  change  commences;  and 
it  only  remains  to  fix  the  exact  amount  of  correction  to  be  used,  to  make  the  barometer  as  useful 
in  these  regions  as  in  those  countries  bordering  on  the  scacoast,  or  where  the  great  lack  of 
humidity  is  not  so  sensibly  felt. 

During  the  march,  there  was  experienced  a  norther  of  the  most  perfect  character ;  this  occurred 
on  the  4th  and  0th  of  December,  and  it  was  at  the  latter  date  that  the  lowest  temperature  was 


The  norther  commenced  at  4  p.  m.  of  the  4th  December,  and  was  preceded  by  no  change  by 
which  its  approach  could  bo  predicted.    A  calm,  pleasant  day,  with  the  thermometer  ranging 


noted. 
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from  40°  to  70°  Fahrenheit,  was  ended  by  a  sadden  rising  of  the  wind  from  the  southwest;  this 
changed  to  the  northeast,  and  blew  hearily  from  that  quarter  for  more  than  twenty-four  hours ; 
during  this  time  the  thermometer  fell  to  1°.5  Fahrenheit,  and  snow  fell  to  the  depth  of  one  inch 
and  a  half. 

The  cold  weather  lasted  for  about  three  days,  and  a  most  delightful  calm  succeeded  the 
severest  norther  noted  in  the  record.  A  few  days  after  this,  the  regular  observations  were  taken 
up  and  continued  at  San  Elceario  and  Frontera;  those  results,  reduced  for  one  year  to  the  form 
adopted  for  publication,  will  be  more  interesting  than  these  under  discussion  can  be  made. 

The  appearance  of  tho  clouds  varies  so  little  that  it  forms  no  meteorological  feature  of  suffi- 
cient importance  to  be  accurately  noted.  The  changes,  as  might  be  expected,  are  from  the 
forms  in  which  a  certain  degree  of  moisture  necessarily  enters  to  those  in  which  the  appearance 
is  that  of  a  fleecy  mass  of  cotton  without  shape.  These  last  are  so  far  removed  from  the  earth's 
surface  as  to  be  almost  entirely  out  of  the  influence  of  the  currents  of  wind  indicated  by  the 
weather-vanes.  Their  formation  seems  gradual,  and  the  increase  in  size  is  apparently  due  to  a 
decrease  in  the  distance.  They  came  and  vanished  sometimes  from  the  same  spot  in  the 
heavens  ;  and  for  weeks  together  scarcely  one  "direction"  due  to  the  course  of  the  wind  could 
be  noted.  In  watching  them  carefully,  their  volume  would  seem  to  be  lessened  or  increased, 
and  yet  the  parts  detached  could  not  be  seen  to  float  away,  nor  was  there  any  approach  of 
additional  vapor  to  be  seen  by  which  the  size  of  the  cloud  could  be  increased. 

The  character  of  the  winds,  with  their  foree  and  direction,  was  carefully  noted  ;  in  particular 
their  effect  on  the  barometer  was  the  subject  of  repeated  observations.  The  results  of  these 
observations  are  more  accurately  noted  in  another  place.  And  though  the  effect  produced  was 
first  noticed  on  the  march,  yet  subsequent  observations  at  the  fixed  observatory  only  served  to 
strengthen  and  confirm  the  opinion  which  was  at  that  time  advanced  as  to  the  effect  of  any 
change  from  east  to  west,  or  vice  versa,  on  the  barometrical  column. 

The  records  of  the  observations  taken  at  the  fixed  observatories  at  San  Elceario  and  Frontera 
are  given  fully  for  one  year.  These  observations  were  made  in  the  immediate  valley  of  the  Rio 
Grande,  and  Bhow  the  changes  in  the  different  instruments  noted.  With  regard  to  the  value  to 
be  placed  on  the  observations  for  humidity,  it  should  be  observed  that  the  time  embraced  in  the 
record  was  one  of  great  freedom  from  moisture,  both  at  the  points  observed  and  at  situations  on 
the  river  far  above  the  observatory.  The  river  during  the  summer  of  1851*  was  nearly  dry  in 
several  places  in  our  immediate  vicinity,  a  slight  current  only  marking  its  progress  near  Fron- 
tera, while  its  bed  served  as  the  best  road  thence  to  El  Paso. 

The  chart  prepared  to  accompany  this  report  shows  at  a  glance  the  most  important  results 
deduced  from  our  observations. 

The  results  given  in  the  separate  columns  of  tho  tabulated  forms  are  deduced  from  six  daily 
observations,  viz :  at  sunrise,  9  a.  M. ,  noon,  3  P.  M.,  sunset,  and  8  p.  u.  During  the  long  days 
of  summer  this  last  hour  was  changed  to  9  p.  m.,  thus  making  the  interval  between  sunset  and 
the  time  of  the  last  evening  observation  more  nearly  equal  in  the  different  seasons. 

The  columns  in  which  arc  noted  the  daily  means  for  thermometer  and  dew-point  observations 

0  The  year  1851  wu  notoriously  a  dry  year  In  nil  the  northern  States  of  Mexico,  and  no  far  the  selection  of  that  year  is 
unfortunate  as  affording  a  measure  of  the  average  rain,  but  it  hap|w>n<*l  to  lie  the  only  year  when  a  single  observer  was 
stationary  for  any  length  of  timo  at  the  samo  place. 
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will,  of  course,  present  different  records  from  those  which  would  have  heen  shown  had  th« 
results  tnerelj  been  deduced  from  the  two  daily  extremes  of  heat  and  cold,  or  the  dew-points 
calculated  from  those  observations  only. 

In  addition  to  all  these  observations,  the  21st  day  of  each  month,  as  the  regular  meteorological 
term-day,  was  carefully  noted  by  the  record  of  observations  for  each  hour  of  the  twenty-four. 

The  remainder  of  the  meteorological  data  serves  in  a  great  measure  merely  for  the  calculation 
of  the  elevation  of  points  on  the  line  of  survey  or  travel.  These  results  will  he  found  embodied 
in  the  different  profiles  of  the  country  over  which  the  line  passed. 

The  observations  of  1865,  by  a  careful  comparison  with  others  of  the  same  character,  taken 
simultaneously  at  different  places,  have  enabled  mc  to  establish  the  height  of  the  initial  point 
of  the  boundary  on  the  Rio  Grande  in  a  manner  that  must  be  more  satisfactory  than  any  yet 
adopted. 

This  elevation  varies  slightly  from  that  of  El  Paso. 

In  the  computation  for  elevation  1  have  used  the  French  formula  of  Dclcros,  and  have 
employed  some  other  corrections  consequent  upon  the  value  of  horary  variation,  founded  on 
the  observations  for  that  quantity  taken  at  San  Elceario.  In  most  instances,  however,  the 
points  of  observation  were  too  remote  from  the  fixed  observatory  for  the  horary  correction  to  be 
of  any  great  value.    In  these  the  usual  corrections  for  temperature,  &c,  only  were  used. 

The  effect  of  the  direction  and  force  of  the  wind  on  the  mercury  of  the  barometer  has  been 
referred  to  above,  and  I  mention  it  here  only  to  Btate  that  my  observations  on  this  subject  were 
sufficient  to  assure  me  of  the  great  necessity  of  noticing  these  values  in  connexion  with  the 
barometer  more  particularly  when  observations  are  being  made  for  altitude.  The  exact  value 
of  the  quantity  I  have  not  ascertained,  but  that  it  exists  I  am  con6dent ;  and  I  trust  that  future 
and  more  prolonged  observations  will  fix  the  value  in  a  manner  sufficiently  accurate  for  its  use 
as  a  correction  in  barometrical  computations. 

All  of  which  is  respectfully  submitted  by  your  obedient  servant, 

MARINE  T.  W.  CHANDLER, 
Assistant  in  charge  of  Meteorological  Department. 

Major  William  H.  Emory,  1st  Cavalry  U.  S.  A., 

Commissioner  United  Stales  and  Mexican  Boundary  Survey. 

Notts — Of  the  immense  man  of  materials  collected,  showing  the  meteorological  character  of  the  country  adjacent  to  the 
boundary  line,  I  have  deemed  It  proper  to  produce  here  only  a  «hort  abstract  from  the  table*.  Those  who  may  desire 
further  information  can  obtain  it  by  reference  to  the  records  Wed  in  the  Departweot  of  the  Interior. 

W.  H.  E. 
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MAGNETIC  OBSERVATIONS. 


Magnetic  observations  on  the  boundary  line  between  the  United  States  and  Mexico,  made  in  1855, 
under  the  direction  of  Major  W.  H.  Emory,  United  States  commissioner  under  the  treaty  of 
1853  ;  and  general  discussion  of  the  magnetic  observations  made  in  connexion  with  the  Mexican 


RECOMPUTED  BY,  J.  E.  HILGARD,  UNITED  8TATES  COAST  SURVEY. 

I.  Magnetic  observations  in  1855. 

Observations  of  declination,  dip,  and  absolute  horizontal  intensity  were  made  at  eight  stations, 
being  thos«  at  which  astronomical  observations  were  made  in  determining  the  boundary  between 
the  United  Suites  and  Mexico,  under  the  treaty  of  1853.  The  magnetic  observations  were 
intrusted  to  Mr.  Marine  T.  W.  Chandler,  who  succeeded  in  obtaining  very  complete  determina- 
tions, as  the  subjoined  abstracts  show. 

The  dedinatum  was  obtained  by  referring  the  direction  of  the  needle  to  the  astronomical 
meridian  carefully  determined  for  the  survey  of  the  line.  The  needle  of  a  goniometer  (by 
Toung)  was  found  to  Bhow  a  fair  mean  of  five  good  needles  of  different  lengths,  and  was  therefore 
relied  on  at  subsequent  stations.    The  results  are  given  in  the  general  table  below. 

Observations  of  inclination  wero  made  with  a  ten-inch  dip-circle  (by  Gambey)  of  superior  con- 
struction. Two  needles  were  used  at  each  of  the  stations  ;  and  at  three  of  them,  viz:  Carriza- 
lillo,  Espia,  and  Los  Nogales,  the  poles  were  repeatedly  reversed,  so  as  to  obtain  the  corrections 
to  be  applied  when  no  reversal  of  poles  was  made.  These  corrections  are  -f-  12'  for  needle  No. 
1,  and  —  15'  for  No.  2,  in  the  position  of  the  poles  called  direct,  and  have  been  so  applied  in 
the  following  abstract  of  results : 
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The  difference  of  about  16'  between  the  results  by  the  two  needles  is  too  large  to  admit  of 
the  mean  being  taken.  An  examination  of  the  pivots  having  shown  some  corrosion  on  a  pivot 
of  No.  2,  the  probability  is  that  the  results  by  No.  1  are  to  be  preferred,  especially  as  the 
observations  with  that  needle  show  a  greater  consistency  among  themselves.  The  results  by 
No.  1  arc  therefore  adopted  in  the  geueral  table. 
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Obaervationa  for  horizontal  intensity  were  made  with  a  unifilar  magnetometer  by  Jones.  The 
deflections  were  measured  on  a  nine-inch  circle,  according  to  Lamont's  method,  in  which  the 
two  magnets  remain  at  right  angles.  In  the  vibration  experiments,  the  time  of  400  vibrations 
is  usually  observed,  of  which  six  values  are  obtained  in  each  set,  in  the  usual  way.  Experi- 
ments to  determine  the  moment  of  inertia  of  the  magnet  and  its  attachments  were  made  repeat- 
edly by  vibrating  it  loaded  with  a  brass  ring,  marked  No.  11,  of  which  the  outside  diameter  is 
2.899  inches,  the  inside  diameter  2.462  inches,  and  the  weight  719.90  grains ;  hence  its  moment 
of  inertia,  K,  =  9.04,  expressed  in  feet  and  grains.  The  magnet  used,  marked  X  7,  is  of  the 
usual  form,  being  a  hollow  cylinder  of  0.3  inch  in  diameter,  and  3.66  inches  in  length,  and 
carrying  a  mirror.  Its  temperature  coefficient  was  determined  at  Washington  city,  in  Fobruary, 
1866,  by  vibrations  at  temperature  near  30°  and  70°,  and  was  ascertained 

q  —  0.0003. 

The  following  is  an  abstract  of  the  observations  ;  to  which  is  to  be  added,  that,  in  the  experi- 
ments without  the  inertia  ring,  the  effect  of  90°  of  torsion  was  7'. 5 ;  in  those  with  the  ring,  15'. 


Abttract  of  obse-mtionsfor  horismtal  intensity. 
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From  the  preceding  data  we  first  deduce  the  moment  of  inertia,  K,  of  the  magnet  and  ita 
attachments,  by  the  equation  K=  Kt  jrj^  j*,  where  T,  and  T  are  the  terms  of  one  vibra- 
tion  with  and  without  the  inertia  ring,  corrected  for  torsion,  and  reduced  to  the  temperature 
of  experiments  without  the  ring,  and  obtain  the  following  values : 

At  Initial  Point, 
Carrizalillo, 
Espia, 

Los  Nogales, 


From  the  experiments  of  deflection  we  next  deduce  the  values  of  ratio  of  m,  the  magnetic 
moment  of  the  magnet,  to  X,  the  horizontal  component  of  the  earth's  form,  by  the  expression 
"^^sin  «,  and  obtain  at 

Initial  Point,  y  =  0.04tt,  temp.  52° 

Carrizalillo,  0.0481,     "  64° 

San  Luis,  0.0476,     "  65° 

Los  Nogales,  0.0466,     "  82° 

Computing  for  the  same  stations  the  product  roX  =  yj-,  where  T  is  corrected  for  tor- 
sion, and  reduced  to  the  temperature  of  the  corresponding  deflections,  and  eliminating  X,  we 
get  the  following  values  of  m. 
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Although  the  difference  in  these  values  of  m  may  be  in  a  great  measure  due  to  errors  of 
observations,  rather  than  to  fluctuations  in  the  magnetism  of  the  magnet,  still  the  best  results 
appear  to  be  obtained  by  using  the  above  values  of  m  for  the  respective  stations,  and  assuming 
a  uniform  rate  of  change  during  the  intervals. 

Computing,  lastly,  m  X  for  each  of  the  stations,  and  dividing  by  m  determined  in  the 
manner  indicated  and  reduced  to  the  temperature  of  the  vibrations,  we  obtain  the  values  of  X 
given  in  the  subjoined  table,  which  exhibits  collectively  the  results  obtained. 

General  table  of  result*. 
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II.  Discussion  of  lines  of  equal  magnetic  declination,  dip,  and  horizontal  intensity. 

In  this  discussion,  the  observations  made  in  previous  years  in  connexion  with  the  Mexican 
boundary  surveys,  and  published  in  the  fifth  volume,  new  series,  of  the  Memoirs  of  the 
Academy,  have  been  combined  with  those  communicated  in  the  present  paper.  Observations 
made  under  the  direction  of  Professor  A.  D.  Bache,  Superintendent  of  the  Coast  Survey,  at 
stations  Dollar  Point,  East  Base,  and  Jupiter,  near  Galveston,  Texas,  and  near  San  Diego, 
Monterey,  and  San  Francisco,  and  affording  important  co-ordinates  for  the  curvature  of  the 
lines,  have  also  been  introduced ;  likewise,  an  observation  of  the  declination  at  the  Great  Bait 
Lake,  by  Captain  Howard  Stansbury,  U.  S.  Topographical  Engineers,  published  in  his  report 
of  the  survey  of  that  region. 

The  method  employed  in  determining  the  lines  of  equal  declination  and  dip  was  partly 
graphical  and  partly  analytical,  being  the  same  pursued  by  Professor  Bache  and  Mr.  J.  E.  Hilgard 
in  their  discussion  of  the  Coast  Survey  magnetic  observations. — (Coast  Survey  Report  for  1855, 
Appendix,  p.  47.)  The  stations  were  projected  on  a  map,  and  their  positions  referred  to  a  right 
line  graphically  assumed  as  axis  of  co-ordinates,  the  origin  being  chosen  about  the  mean  posi- 
tion of  the  stations,  and  the  direction  so  as  nearly  to  divide  the  positive  and  negative  ordinatee 
equally. 

The  co-ordinates  being  read  off  on  any  convenient  linear  scale,  conditional  equations  are 
formed  for  each  station  or  group  of  stations,  and  the  whole  scheme  is  solved  by  the  method  of 
least  squares.  The  conditional  equations  representing  an  interpolation  by  second  differences 
are  of  the  form, 

r=  VQ  +  v  +  xX+yY+nXY  +  pX»  +  qy: 

when  V  is  the  observed  declination  (or  dip)  ; 

r„  the  assumed  declination  at  the  origin  ;  v,  the  correction  to  be  applied  ; 
Xand  T,  co-ordinates  of  position. 

Vf  *>  P>  9>  coefficients  to  be  determined. 

The  solution  of  a  considerable  number  of  such  equations  involves  a  great  deal  of  labor,  which 
the  results  amply  repay,  however.  The  process  being  well  known,  there  is  no  occasion  to  give 
the  steps  of  the  calculations  in  this  place.  After  determining  the  coefficients,  the  co-ordinates 
of  points  in  the  lines  sought  were  computed,  the  lines  projected  on  the  map,  and  the  latitudes 
and  longitudes  of  points  read  off  and  tabulated. 

In  the  absence  of  any  data  to  determine  the  secular  changes,  the  results  are  doubtless  liable 
to  an  uncertainty  from  that  source.  We  know,  however,  that  the  changes  are  aruall,  and,  for 
the  limited  period  over  which  the  observations  extend,  they  may  be  considered  as  merged  in  the 
local  errors,  and  the  average  date  of  1852  as  belonging  to  the  resulting  lines  on  the  map. 

The  following  tables  give  a  general  resume  of  tho  observations,  and  the  corresponding  values 
in  the  computed  system  ;  also  the  residuals,  the  distribution  of  which  is  the  best  evidence  of  the 
successful  representation  of  the  general  facts  involved. 

The  geographical  position  of  points  in  the  lines  of  equal  declination  and  dip — isogonic  and 
isoclinal  lines— are  also  given  in  tables  from  which  they  may  be  readily  projected  in  any  map. 
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Horizontal  intensify. — Combining  the  eight  stations  of  1855  among  themselves,  we  obtain  as 
a  mean  result,  in  latitude  31°  27',  longitude  108°  45',  X~  6.21,  with  a  probable  error  of 
±  0.01 ;  also  an  increase  of  -4-  0-10  'n  going  south  30\ 7  or  cast  50C,  and  the  direction  of  the 
line  of  equal  horizontal  intensity  N.  87J°  E. 

It  may  be  observed,  that  this  rate  of  change  in  going  south  is  evidently  too  large,  for  accord- 
ing to  the  decrease  of  dip  it  would  require  a  southing  of  42'  to  cause  an  increase  of  the  hori- 
zontal force  of  -j-  0.10,  if  the  total  force  was  constant ;  but  as  the  latter  also  decreases  in  going 
south,  the  actual  rate  of  change  of  horizontal  force  is  probably  only  half  of  that  above  obtained. 
Moreover,  when  wo  consider  that  the  same  value  of  X  is  found  on  the  coast  of  Mississippi, 
between  New  Orleans  and  Mobile,  we  see  that  the  small  increase  in  going  east  should  be 
decrease  of  similar  amount,  and  that  the  direction  of  the  line  should  be  about  N.  94°  E.  The 
distribution  of  stations  is  such  that  these  discrepancies  in  the  rate  of  change  are  quite  within 
the  probable  errors  of  observation  and  station  errors ;  nor  is  the  value  of  the  mean  result 
affected  thereby,  which  forms  a  valuable  datum  in  absolute  measure,  in  an  almost  inaccessible 
region  of  the  globe. 

In  order  to  compare  this  measure  of  forco  with  that  previously  obtained  on  the  northern  line 
by  observations  with  a  Fox  apparatus,  and  expressed  in  the  arbitrary  Bcale,  we  may  have 
recourse  to  the  observations  of  Captain  Lcfroy  at  Toronto,  which  gives  the  total  force  in  British 
Vol.  I  33 
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unit*  =  13.80  at  the  time  that  it  is  found  1.836  in  the  arbitrary  scale.  Applying  the  same 
ratio  to  onr  mean  total  intensity,  11. G5,  wc  find  1.543,  and  we  have  the  following  comparison  : 

Latitude.  Lan(iiad*.  Total  bttrnritjr. 

O     ;  O  ; 

31  27  108  45  1.543 

32  43  108  30  1.580 

the  latter  from  three  stations  in  1851 ;  exhibiting  a  closer  correspondence  than  might  be 
expected  from  the  circuitous  comparison  involved. 
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GENERAL  GEOLOGICAL  FEATURES  OF  THE  COUNTRY. 

Washington  D.  C,  April  1,  1854. 

Colonel  W.  H.  Emory,  United  States  Commissioner : 

Sir  :  In  completion  of  the  duties  assigned  me  as  botanist  and  geologist  to  the  United  States 
boundary  commission,  I  present  the  following  : 

I.  GENERAL  PHYSICAL  AND  GEOLOGICAL  FEATURES  OF  THE  COUNTRY. 

The  general  features  of  the  Mexican  Gulf  Coast,  in  connexion  with  the  United  States  and 
Mexican  boundary  line,  present  a  marked  contrast  with  those  observed  on  the  opposite  Pacific 
coast.  Thus,  instead  of  the  higb  cliffs,  abrupt  headlands,  and  general  bold  and  rugged  outline 
exhibited  on  the  Californian  coast,  the  Texan  shore-line,  throughout  its  whole  extent,  presents 
a  uniform,  low  dead  level.  Generally,  indeed,  the  main  coast  is  shut  in  from  the  open  sea  by 
ranges  of  sand  islands  formed  by  the  waves  of  silted  sea  sand  and  comminuted  shells.  Inside  of 
this  line  of  islands  shallow  bays  spread  themselves  into  the  indented  coast,  and  here  the  nume- 
rous rivers  flowing  from  the  interior  meet  the  tide-water.  The  tide  range  is  moreover  small, 
and  thus  the  alternating  differences  of  level  do  not  favor  the  formation  of  navigable  estuaries  by 
which  the  main  land  may  be  approached.  These  features,  collectively,  give  to  this  coast  an 
inaccessible  character,  and  nerve  to  render  its  navigation  both  difficult  and  dangerous. 

Its  rivers  are  unapproachable,  except  by  vessels  of  very  light  draught ;  while  the  inlets  to 
its  shallow  bays,  obstructed  by  variable  sand-bars,  present  obstacles  to  navigation,  sufficiently 
proved  by  the  numerous  wrecks  that  strew  their  beach.  Proceeding  inland  from  the  line  of 
sandy  beach,  a  gentle  slope  spreads  out  in  a  uniform  gradually  rising  plane,  composed  of  dark 
rich  loam,  and  covered  with  luxuriant  pasturage.  The  scenery  is  rarely  relieved  of  its  blank 
outline  by  a  clump  of  live  oak  trees  surrounding  a  sunken  morass.  Farther  on,  at  a  variable 
distance  of  10  to  20  miles,  the  surface  of  the  ground  shows  gentle  swells,  still  maintaining 
its  fertile  character,  and  displaying  here  and  there  groves  of  post  oak  and  other  timber.  The 
river  bottoms  adjoining  are  occupied  with  a  heavy  timber  growth,  principally  of  elm,  (vlmtu 
crassi/olia,)  festooned  with  Spanish  moss.  The  undergrowth  comprises  a  complete  maze  of 
shrubbery,  matted  and  tangled  together  by  vines  and  creepers,  and  supporting  a  rank  annual 
growth. 

At  a  distance  of  50  to  80  miles  from  the  coast,  the  ground-swells  become  more  abrupt  and 
form  distinct  ridges,  between  which  are  collected  the  drainage  of  the  country.    Along  the  course 
ot  the  numerous  streams  there  is  an  exposure  of  the  geological  substratum,  consisting  first  of 
loose  gravelly  strata,  which  contain  erratic  pebbles  of  siliceous  or  calcareous  character ;  to  this 
1  M 
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succeed  occasional  exposures  of  n'coarse-grained  sandstone,  No.  1.  Still  farther  inland  we  meet 
with  a  form  of  soft  calcareous  earthy  rock  outcropping  along  the  sides  of  hills,  and  constituting 
the  first  outlayer  of  that  extensive  cretaceous  formation  which  characterizes  so  large  a  scope  of 
country  throughout  middle  and  northwestorn  Texas. 

From  San  Antonio,  occupying  the  first  step  in  the  cretaceous  series,  at  an  elevation  of  600 
feet  above  the  Gulf  of  Mexico,  proceeding  northerly  on  the  line  of  the  lower  road  to  El  Paso, 
we  soon  remark  a  rapid  change  in  the  general  features  of  the  country.  The  underlying  lime- 
stone formation  becomes  more  largely  developed,  and  is  less  deeply  covered  with  alluvial 
deposits.  The  rock  stratum  is  frequently  exposed  in  the  beds  of  streams,  which  are  everywhere 
thickly  strewn  with  the  water-worn  pebbles  of  this  formation.  The  streams  here  acquire  an 
intermittent  character,  subject  to  sudden  overflow  and  recession.  Their  course,  when  low,  is 
marked  by  an  irregular  scrieB  of  deep  basin  ponds  connected  together  only  by  shallow  brooks, 
rr  even  not  at  all  above  ground  during  dry  seasons. 

As  we  proceed,  mural  exposures  of  limestone  rock  become  more  frequent,  and  the  same  for- 
mation is  met  with  on  summits  of  the  higher  table-land.  The  alluvial  tracts  along  the  course 
of  the  larger  valleys  acquire  a  more  arid  character  of  soil,  and  support  a  stunted  timber  growth, 
in  which  mezquite  makes  its  appearance.  Fossil,  fresh  water,  and  land  shells  are  quite  abun- 
dantly scattered  over  the  lower  depressions  of  these  alluvial  bottoms. 

At  the  crossing  of  the  Rio  Frio,  near  Fort  Inge,  occurs  the  firBt  exposure  of  igneous  rock.  It 
is  seen  as  an  isolated  knoll  of  dark-colored  trap,  showing  at  this  place  but  slight  disturbance  of 
the  adjacent  cretaceous  strata.  This  formation  is  thence  observed  to  constitute  a  broken  line, 
extending  in  a  northwest  course,  and  coming  into  view  at  several  points  along  the  road  at 
variable  distances  of  5  to  10  miles. 

On  approaching  the  line  of  the  great  table-land  formation  of  Northwest  Texas,  we  find  near 
its  base  the  sources  of  most  of  the  minor  streams  of  this  region.  These  sources  frequently 
exhibit  magnificent  basin  springs,  of  which  that  at  San  Felipe  is  a  noted  example. 

We  have  here  reached  the  main  development  of  this  extensive  cretaceous  formation,  partially 
concealed  from  view  towards  the  coast,  as  above  noticed,  by  alluvial  deposits,  but  here  standing 
out  in  bold  relief,  variously  exposed  in  extensive  ridges,  bounding,  more  or  less  closely,  valleys 


of  denudation,  or  else  stretching  in  vast  upland  plateaus,  thinly  covered  with  soil,  and  support- 
ing a  close  even  growth  of  upland  graces  or  scanty  shrubs. 
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The  true  character  of  this  formation  may  be  satisfactorily  studied  in  the  course  of  its  principal 
streams,  the  Pecos  and  Devil's  river.  As  exposed  along  the  course  of  these  valleys,  the 
view  is  bounded  by  steep  mural  cliffs,  composed  of  limestone,  disposed  in  nearly  horizontal 
strata.  This  rock  exhibits  quite  a  variable  texture,  its  weathered  face  showing  an  uniform  gray 
or  bluish  tint,  while  its  recent  fracture  has  a  much  lighter  color.  Owing  to  its  irregular  texture, 
it  frequently  exhibits  a  cavernous  structure,  displaying  in  its  various  exposures  all  the  grotesque 
features  of  ruined  castles,  forts,  and  dilapidated  masonry  ;  examples  of  which  may  be  seen  by 
reference  to  numerous  sketches. 

The  river  valleys  either  expand  into  more  or  less  extensive  alluvial  basins,  or  are  completely 
hemmed  in  by  steep  mural  faces,  forming  chasms  along  their  course,  to  which  the  Spanish  term 
of  carton  is  generally  applied.  Thus,  in  following  out  the  course  of  valleys  in  this  district,  we 
have  a  series  of  basins  connected  by  caiions  ;  the  relative  extent  of  these  distinct  topographical 
features  being  dependent  on  the  local  character  of  the  formation,  or  the  varied  influence  of  pre- 
vious denuding  forces. 

The  alluvial  tracts  partake  to  a  great  extent  in  the  sterility  of  the  plateaus  with  which  they 
are  connected,  seldom  showing  evidence  of  fertility,  and  in  a  great  measure  destitute  of  timber 
growth. 

In  the  case  of  the  Pecos  river,  which  may  be  regarded  as  the  main  type  of  streams  belonging 
to  this  table-land  formation,  we  observe  a  contracted  but  constant  body  of  water  coursing  through 
alluvial  tracts,  or  clearing  its  way  through  rocky  canons. 

In  the  former  case,  its  tortuous  course  is  marked  out  between  deep  banks  of  earth,  so  that  its 
turbid  waters  are  for  the  most  part  invisible  till  you  come  directly  on  its  brink.  The  average 
width  of  the  stream,  during  most  of  the  year,  is  about  50  feet,  and  8  feet  in  depth.  Only  limited 
portions  of  the  adjoining  valley  are  subject  to  that  degree  of  overflow,  such  as  constitutes  what 
is  commonly  understood  as  bottom-land.  Owing  to  the  steep  and  crumbling  nature  of  the 
banks,  travellers  often  experience  no  small  difficulty  in  watering  their  animals ;  the  water  itself, 
though  highly  charged  with  reddish  Bediment,  is  not  unpalatable. 

In  its  passage  through  canons,  this  stream,  like  the  Rio  Grande,  cleaves  its  way  between 
steep  walls  of  rock ;  its  course  during  low  water  being  occasionally  set  off  by  lines  of  sandy  or 
pebbly  beach,  and  forming  frequent  rapids. 

All  the  small  intermittent  streams  of  this  region  are  copiously  bedded  with  rounded  pebbles, 
derived  from  the  adjoining  limestone  formation. 

The  view  from  the  summit  elevations  presents  not  an  unbroken  table-land,  but  rather  a  series 
of  terraces,  exhibiting  occasionally  truncated  peaks,  and  showing  a  general  increasing  elevation 
westward.  The  mean  level  is,  moreover,  marked  by  depressed  valleys,  containing  dry  pebbly 
beds  of  streams,  and  frequently  expanding  into  wide  basins.  The  descent  to  these  valleys  is 
generally  abrupt,  and  is  the  chief  obstacle  in  the  construction  of  roads,  which,  with  this  excep- 
tion, are  marked  out  with  ease,  and  are  unexcelled  for  purposes  of  wagon  transportation. 

The  supply  of  water  over  these  arid  tracts,  except  in  a  season  of  rain,  is  confined  to  a  few 
isolated  springs,  occupying  the  lower  level  of  some  of  these  depressed  valleys,  or  occasionally 
bursting  out  from  the  base  of  high  rocky  ledges.  These  springs,  though  generally  affording  a 
copious  and  constant  flow  of  water,  are  not  sufficient  to  give  origin  to  river  tributaries,  their 
issue  being  quickly  absorbed  in  the  lower  course  of  their  arid  beds    In  several  of  these  springs 
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the  temperature  is  as  high  an  70°  Fahrenheit.  Between  these  watering  places  occur  what  are 
termed  by  travellers  "  dry  atrelchea,"  being  in  some  instances  50  miles  in  extent. 

In  all  our  observations  thus  far,  little  disturbance  is  noticeable  in  the  position  of  the  strata. 
To  ordinary  view  they  appear  strictly  horizontal ;  the  indications  of  the  barometer  and  the 
changes  of  the  climate  prove,  however,  a  gradually  increasing  elevation.  The  height,  as  indi- 
cated at  the  Leon  spring,  the  most  western  point  of  the  continuous  table-land  at  which  cretaceous 
fossils  were  collected,  is  2,807  feet.  This  shows  a  rise  of  1,800  feet  from  the  lowest  series  of  this 
formation,  (the  mouth  of  Devil's  river,)  and  2,200  feet  above  San  Antcnio,  giving  an  average 
rise  of  7  feet  to  the  mile. 

Quite  constantly  in  the  distance,  to  the  south  and  west,  rugged  mountain  ranges  are  visible, 
evidently  of  igneous  character,  and  connected  with  extcnaivo  disturbance  of  adjacent  cretaceous 
rocks.  It  is  through  these,  as  we  shall  hereafter  see,  that  the  Rio  Grande  forces  its  way,  pre- 
senting a  series  of  chasms  and  deep  cleft  cartons  of  a  moat  stupendous  character. 

The  first  indication  of  a  change  in  the  general  features  of  scenery,  as  sketched  above,  on  the 
line  of  the  usually  travelled  road  to  El  Paso,  is  encountered  in  the  range  of  the  "  Sierra  Diavolo," 
or  Limpia  mountains.  This  range  may  be  regarded  as  the  southern  continuation  of  the  great 
dividing  ridge  between  the  Pecos  and  the  upper  Rio  Grande,  including  the  Sacramento  mount- 
ains to  the  north,  the  Guadalonpe  and  Limpia  mountains,  with  their  continuation  south,  to 
form  the  Sierra  Rica  of  Mexico  ;  through  the  latter  portion  of  this  range  the  Rio  Grande  force* 
its  way  a  short  distance  below  and  east  of  Presidio  del  Norte. 

This  range  is  characterized,  at  all  the  separate  points  observed,  by  the  presence  of  igneous 
rocks,  varying  considerably  in  structure  and  lithological  character,  as  noted  by  Professor  Hall 
in  rock  specimens  Nos.  12,  13,  14,  15. 

The  elevation  attained  by  this  range,  on  the  line  of  the  El  Paso  road,  is  from  5,000  to  7,000 
feet  above  the  sea.  On  enteriug  this  range  from  the  east,  we  pass  quite  abruptly  from  the 
horizontal  limestone  strata  to  the  igneous  exposures. 

The  passage  of  this  range  is  accomplished  by  a  series  of  rather  steep  and  rough  ascents,  fol- 
lowing up  the  course  of  the  Limpia  valley.  The  main  pass,  known  as  the  "  Wild  Rote  raw," 
exhibits  gigantic  walls  of  rock,  towering  up  on  either  hand  to  the  height  of  1,000  feet  or  more 
above  the  valley  below. 

The  summit  divide  is  composed  of  a  coarsely-grained  granitic  rock,  formed  principally  of  feld- 
spar, and  varying  in  color,  in  the  different  exposures,  from  dark  brown  to  a  dull  whitish.  In 
descending  the  more  -gradual  western  slope  of  this  range,  the  rock  exposures  assume  the  char- 
acter of  a  close  porphyrii.ic  trap,  of  a  reddish  color.  As  we  leave  the  main  range,  passing  to 
the  west,  we  encounter  extensive  ridges  of  stratified  limestone  rock,  associated  more  or  less 
closely  with  interrupted  igueouB  exposures,  and  showing  a  general  dip  to  the  southwest,  or  away 
from  the  Limpia  mountains.  The  inclination,  however,  shows,  in  many  places,  a  variable  direc- 
tion and  intensity,  depending  on  local  causes  connected  with  adjoining  igneous  exposures. 

A  degree  of  metamorphism  is  also  exhibited  in  rock  exposures,  having  a  gneissoid  structure 
and  traversed  by  quartz  veins. 

From  the  specimens  collected,  imperfectly  characterized  by  fossils,  Prof.  Hall  concludes  that 
these  stratified  rocks  belong  to  the  carboniferous  period. 

Between  these  irregular  mountain  ranges  and  spurs,  which  in  this  section  of  country  meet 
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the  eye  in  every  direction,  the  intervening  surface  spreads  out  into  wide  hasin  plains  of  an  allu- 
vial character.  These  basins  receive  and  absorb  the  scanty  streams  of  the  adjoining  mountains. 
Rarely  indeed,  except  in  the  highest  mountain  recesses,  is  running  water  visible,  the  occasion- 
ally copious  rains  furnishing  only  a  temporary  current  along  the  course  of  the  numerous  stream- 
beds.  The  water  thus  accumulated  in  rocky  basins  or  marshy  lagoons,  affords  the  only  supply 
for  travellers,  over  these  arid  wastes.  During  the  dry  season  these  plains  spread  out  their 
dreary  tracts,  unrelieved  by  a  siugle  feature  of  fertility,  occupied  by  innutricious  grasses  or  a 
scattered  growth  of  dry  shrubbery,  among  which  the  repulsive  form  of  the  "  Spanish  bayonet" 
{Yuen)  is  a  conspicuous  feature.  Owing  to  their  exposed  and  elevated  position,  these  plains  are 
subject  to  great  extremes  of  temperature.  They  are  mostly  shut  off  from  the  Rio  Grande 
by  a  variable  mountain  range,  composed  of  the  carboniferous  limestone,  variously  associated 
with  igneous  rocks.  The  passage  to  the  valley  is  accomplished  by  following  down  the  natural 
cleft  made  by  some  rain  stream.  These  passes  exhibit  fine  sectional  views  of  the  tilted  lime- 
stone strata,  exposed  in  various  conditions  of  disturbance,  in  some  places  inclined  at  an  angle 
of  80°  to  the  west,  and  at  other  points  exhibiting  evidences  of  igneous  action  in  metamorphio 
changes. 


R*tlf  Hpntif. 


We  have  thus  reached,  on  the  line  of  the  ordinary  wagon-road,  the  upper  valley  of  the  Rio 
Grande,  the  external  features  of  which,  as  more  directly  connected  with  the  line  of  boundary, 
will  claim  a  more  detailed  notice.  At  first,  however,  a  more  rapid  sketch  must  suffice,  while 
continuing  to  notice  the  general  features  of  scenery  and  geological  structure  presented  on  the 
route  westward  to  the  lower  valley  of  the  Rio  Gila. 

As  we  pass  from  the  rocky  cation,  by  which  we  enter  on  the  Rio  Grande  valley,  we  first  come 
upon  a  gravelly  plain,  generally  presenting  a  smooth  and  more  or  less  uniform  surface,  sloping 
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gently  toward  the  main  bed  of  the  valley.  This  plain,  in  receiving  the  drainage  from  the  ad- 
joining mountain  ranges,  is  variously  cut  up  hy  deeply- trenched  arroyoe,  and  terminates  on  the 
alluvial  tracts  below  in  gravelly  bluffs  of  variable  height. 

This  table-land  is  encountered  wherever  the  course  of  the  Rio  Grande  is  not  hemmed  in  by 
precipitous  rocky  cliffs,  and  is  seen  forming  a  belt  of  variable  width  on  both  sides  of  the  river, 
extending  to  the  base  of  the  adjoining  mouatains.  In  all  these  situations  it  presents  very  uni- 
form features. 

An  obvious  analogy  will  be  at  once  perceived  between  the  latter  formation  and  the  wide- 
spreading  upland  alluvial  plains,  before  noticed  ;  in  fact,  a  direct  continuous  connexion  between 
them  may  be  often  traced.  They  evidently  belong  to  the  same  general  formation,  representing 
basins  filled  up  with  alluvial  and  diluvial  depositions,  concealing,  it  may  be,  older  tertiary 
strata  below. 

The  pebbles  contained  in  this  formation  can  readily  be  traced  to  their  original  sources  in  the 
adjoining  mountains,  being  of  larger  size  and  more  angular  near  the  base  of  the  mountains,  and 
smaller  and  more  rounded  at  a  greater  distance.  The  earthy  medium  is  generally  a  coarse  Baud 
or  fine  marl,  argillaceous  matter  being  less  frequent.  Occasionally  the  exposed  bluffs  show  de- 
posits of  gypsum,  which  in  some  localities  forms  extensive  beds.  The  most  usual  form  of  this 
material  is  in  confused  crystalline  and  fibrous  masses,  imbedded  in  loose  marl.  At  other  places 
a  calcareous  chalklike  deposition  is  met  with,  occupying  usually  the  upper  stratum  of  the  table- 
land. 

A  general  saline  character,  portaining  to  this  formation,  is  also  evidenced  in  the  growth  of 
saline  plants  or  direct  salt  efflorescence  in  the  lower  depressions  of  valleys. 


TAILE-LtJtB 


TBI  Bixrrs  or  imt  aio  iijuyo  abovi  el  mao, 

"JORXAIU  D*L  VCIRTO,"  TO  TBI  XO«TB. 


WITH  THAT 
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A.  Highly  calearcoiw  marl,  chalklikc,  with  occasional  pebbles. 

B.  Brownish  gray  sand,  with  nodules  of  clay. 

C.  Yellow  ferruginous  marl. 

D.  Debris  of  driftfd  sand  and  washed  clay. 

As  Been  from  any  high  mountain  elevation,  this  table-land  sweeps  with  all  the  exactness  of  a 
sheet  of  water,  encircling  as  with  a  shore-line  the  bases  of  distant  mountains,  frequently  com- 
pletely inaulatiug  peaks  and  ridges,  and  everywhere  masking  the  true  connexion  of  the  various 
formations. 

The  progress  of  subsequent  drainage  is  also  plainly  seen  in  the  various  terraced  elevations 
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which  this  table-land  assumes.  It  may  further  he  observed,  briefly,  that  this  is  the  formation 
that  stamps  the  character  of  sterility  on  so  large  a  scope  of  country  forming  those  desert  tracts 
known  as  "  Jomadaa,"  of  which  the  "  Jornada  del  Muerto"  is  a  noted  example.  It  is  to  this 
character  of  country,  moreover,  properly  belongs  the  Spanish  term  "Llano  Fatacado,"  or  Slaked 
Plain,  a  term  which  has  been  less  appropriately  applied  by  travellers  to  the  cretaceous  table- 
lands of  Texas,  before  noticed. 

The  proper  alluvial  tracts  of  the  Rio  Grande,  as  here  met  with  on  our  route,  exhibit  a  belt  of 
variable  width,  from  a  mere  narrow  strip  to  several  miles  in  breadth.  Its  lower  portions  aro 
marked  by  frequent  sloughs  and  old  river  beds.  The  body  of  the  soil  is  sandy,  but  acquires  a 
somewhat  compact  texture  from  the  deposition  of  river  Blirae,  and  is  further  enriched  by  the 
decaying  vegetation  that  luxuriates  on  its  moist  bottoms. 

The  desert  table-land  is  constantly  encroaching  on  this  alluvial  belt,  in  the  washing  of  its 
numerous  stream  beds,  or  the  finest  sand  wafted  by  the  winds.  The  roads  occupying  the  river 
bottom  arc  usually  heavy,  and  whenever  practicable  are  gladly  exchanged  by  the  traveller  for 
the  compact  table-land. 

The  river  itself  presents  tew  features  of  attraction.  Its  turbid  waters  sweep  along  during  the 
flood  season,  in  June  and  July,  a  swollen  tide,  spreading  its  enriching  sediment  through  the 
various  sloughs  and  lagoons  that  line  its  course,  often  cutting  off  all  approach  by  land  to  the 
main  channel.  During  low  water,  which  includes  the  greater  part  of  the  year,  the  river  con- 
tracts its  dimensions,  running  in  a  very  variable  channel,  over  sandy  shoals,  interrupted  by 
numerous  islands  and  exposed  sand-bars.  Occasionally,  in  very  dry  seasons,  it  ceases  to  run 
altogether,  and  stands  in  stagnant  pools. 

The  portion  of  the  river  bottom  at  present  under  cultivation  in  connexion  with  the  El  Paso 
settlements  includes  a  large  basin  lying  south  of  the  El  Paso  mountains.  In  this  is  comprised 
the  large  alluvial  tract  known  as  "  The  Mand,"  which  is  30  miles  in  length  by  2  to  5  in  breadth. 
This  island  lies  on  the  American  side  of  the  main  channel,  being  separated  from  the  adjoining 
land  by  an  old  river  bed,  which,  except  in  very  low  water,  still  carries  a  variable  stream.  The 
bifurcation  of  these  two  arms  of  the  river  at  the  head  of  the  island  w  taken  advantage  of  to 
direct  a  stream  of  irrigating  water  through  the  centre  of  this  tract  of  land,  extending  nearly  its 
whole  length,  and  furnishing  from  its  main  trunk  side  branches  to  supply  the  cultivated  fields. 
Thus  in  usual  seasons  a  sufficient  supply  of  water  is  obtained  to  meet  the  wants  of  ordinary 
cultivation.  At  times,  however,  low  water  in  the  main  channel  is  a  certain  precursor  of  drought ; 
while  at  other  times  an  unwonted  abundance  exposes  to  the  danger  of  floods. 

On  the  main  banks  of  the  river,  including  the  Mexican  town  of  El  Paso,  and  Franklin,  on 
the  American  side,  these  inconveniences  are  measurably  obviated  by  drawing  the  irrigating 
supply  from  a  higher  source.  This  is  accomplished  by  the  construction  of  an  artificial  dam, 
located  some  two  miles  above  these  respective  towns,  thus  allowing  the  construction  of  water- 
gates  and  waste-weirs  to  regulate  the  supply  of  water  according  to  need. 

Hitherto  we  have  observed  the  Bio  Grande  in  its  character  of  a  variable  Btream,  bordered  by 
alluvial  bottoms  frequently  of  considerable  width  and  extent ;  these  again  everywhere  limited  by 


gravelly  table-land,  sloping  upward  to  the  bases  of  distant  mountains.  A  short  distance  above 
El  Paso  a  new  feature  presents  itself,  and  we  have  the  mountains  themselves  encroaching 
directly  on  the  bed  of  the  river,  which  here  passes  in  a  contracted  channel  between  rocky  walls. 
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The  rock  exposures  on  the  river  bank  exhibit  disturbed  strata  of  limestone,  characterized  by 
frequent  fossils  as  belonging  to  the  Cretaceous  period.  A  greater  or  less  metamorphisin  of  this 
or  a  more  ancient  sedimentary  rock  is  also  exhibited,  while  on  either  side  of  the  river  tower  up 
to  a  height  of  500  to  1,000  feet  rugged  igneous  rucks,  having  a  granitic  texture,  and  character- 
ized by  Professor  Hall  as  "  feldspathic  or  granitic  lava."    (No.  40.) 


-  -      _v        ,     ...    .      ...  --  •; 

View  of  ti>«  liulial  Pmni,  on  Bio  Bravo. 

On  the  Mexican  side,  the  various  formations,  stratified  and  igneous,  are  blended  and  intermixed 
in  great  confusion,  the  connexion  between  the  various  formations  being  obscured  by  the  irregular 
exposure  of  igneous  products,  the  greater  or  less  degree  of  metamorphism  of  adjoining  sedi- 
mentary rocks,  and  the  presence  of  extensive  diluvial  deposits.  The  general  surface  is  thus 
rendered  extremely  rugged  and  broken,  the  traversed  roads  being  obliged  to  make  a  considera- 
ble detour  from  the  course  of  the  river. 

On  the  American  side  is  conspicuous  a  high  mountain  range,  nearly  parallel  to  the  river,  at 
a  variable  distance  of  from  3  to  10  miles,  and  observing  a  regular  north  and  south  course.  This 
range  is  seen  to  be  composed  of  stratified  limestone,  dipping  very  uniformly  at  an  angle  of  45° 
W.S.W.,  or  toward  the  river  ;  in  the  face  of  this  dip  rest  the  various  igneous  outbursts,  asso- 
ciated with  the  disturbed  cretaceous  beds.  This  limestone  is  determined  by  Professor  Hall  to 
belong  to  the  carboniferous  series,  being  a  northern  continuation  of  that  before  noticed  at  Eagle 
Springs. 

The  remarkable  character  of  the  stratification  is  conspicuous  at  a  great  distance,  its  deep 
gullies  presenting  fine  sectional  views,  and  the  different  exposures  of  its  sloping  surface  exhibit- 
ing variously  curved  lines,  ns  the  strata  are  thus  brought  to  view  by  the  action  of  the  denuding 
forces. 

The  highest  summit  of  this  range  presents  a  sharp,  jagged  crest,  such  as  might  readily  be 
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mistaken  at  a  distant  side  view  for  an  igneous  formation.  Connected  with  this  upper  crest,  we 
also  notice  outweathering  masses  of  siliceous  rock,  (No.  38 ;)  these  frequently  assume  grotesque 
forms  and  positions,  representing  various  tower-shaped  prominences. 

xotnrrAm  east  or  bio  nru  to  «r.s  fbom  el  faso. 


B.  Granite. 

C.  CHrVionifvrous  llmcstonti. 


D.  Porphyry  peak. 

E.  Drift. 

r 

At  another  point  this  mountain  range  is  interrupted  in  its  usual  stratified  character  by  the 
presence  of  a  porphyritic  exposure,  (specimen  rock  No.  41,)  forming  a  dyke,  passing  through 
the  entire  ridge  from  east  to  west,  and  constituting  the  highest  point  in  this  range. 

This  igneous  mass  is  variously  associated  with  the  adjoining  limestone  strata,  lying  either 
above  or  below,  without  showing  any  local  variation  of  the  ordinary  dip,  or  exhibiting  meta- 
morphic  changes  at  the  point  of  junction. 

On  its  eastern  aspect,  this  range  exhibits  a  precipitous  slope,  revealing  the  thickness  of  the 
formation  in  the  regular  succession  of  the  uplifted  strata,  as  thus  exposed,  from  summit  to  base ; 
there  is  developed  at  several  points  a  thickness  of  not  less  than  1,500  feet.  No  very  marked 
change  is  observable  in  the  character  of  the  rock  from  above  downwards,  or  any  local  evidence 
of  a  change  of  formation. 

We  have,  however,  evidence  from  erratic  fossils  of  the  presence  of  a  lower  order  of  rocks, 
belonging  to  the  Silurian  period,  in  this  vicinity.  Such  a  formation  has  been  assigned  to  a 
corresponding  location  west  of  £1  Paso,  by  Wislizenus,  and  there  is  little  doubt  but  a  careful 
examination  along  the  lower  line  of  these  uplifted  strata  would  bring  to  light  this  lower  class 
of  rocks. 

This  range  continues  to  the  north,  forming  the  Organ  mountains,  at  which  point  these  strati- 
fied rocks  give  place  to  various  forms  of  igneous  products,  as  indicated  in  rock  specimens  Nos. 
42  to  46,  inclusive. 

About  seven  miles  north  of  £1  Paso,  the  mountains  adjoining  the  river  give  place  to  the  more 
usual  character  of  gravelly  table-land  and  alluvial  bottoms,  as  noticed  below.  The  table-land 
is  hero  seen  swelling  to  its  broadest  dimensions,  encircling  the  distant  mountains  in  every 
direction,  and  stretches  northward  to  form  the  dreaded  "Jornada  del  Muerto;"  thence  sweeping 
round  the  northern  point  of  the  Organ  mountains,  it  constitutes  the  extensive  desert  tract  be- 
tween the  Rio  Grande  and  the  Sacramento  mountains.  To  the  west  the  same  formation  is  seen, 
variously  interrupted  by  mountain  ranges  and  isolated  points  of  igneous  rock,  extending  to  the 
base  of  the  Sierra  Madre. 

In  further  continuation  of  our  general  sketch  of  external  and  geological  features  of  country, 
2M 
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we  now  take  up  the  line  of  march  westward,  leaving  the  valley  of  the  Rio  Grande  at  El  Paso, 
to  follow  out  the  most  southern  line  of  emigrant  travel  to  the  lower  valley  of  the  Gila  river. 

On  leaving  the  alluvial  basin,  in  which  El  Paso  is  situate  J,  we  first  ascend  over  a  lower  step 
in  the  gravelly  table-land,  sloping  gradually  upwards,  and  presenting  all  the  characters  of 
Bcenery  before  described.  We  pass  mountain  spurs  on  the  right  and  left,  composed  of  the  lime- 
stone rock,  similar  in  appearance  to  the  range  noticed  on  the  American  side  of  the  river,  and 
having  the  same  general  dip  to  the  southwest,  but  at  a  smaller  angle. 

Our  route,  following  at  first  the  regular  Chihuahua  road,  passes  nearly  due  south ;  in  about  15 
miles  from  the  river  we  reach  a  second  terraced  elevation  of  the  table-land,  rising  as  a  steep  bluff 
80  to  100  feet  above  the  lower  step  over  which  we  have  been  passing.  The  character  of  this  higher 
deposit  is  here  plainly  exhibited  in  the  face  of  the  cliff,  consisting  of  alternate  layers  of  yellow 
ferruginous  marl  and  coarse  brown  sand,  capped  with  a  thin  layer  of  highly  calcareous  marl. 

From  the  summit  of  this  second  elevation  stretches  a  wide  table  plain,  variously  indented  by 
shallow  valleys,  and  swelling  toward  the  base  of  the  mountain  ranges.  On  approaching  the 
line  of  mountains  lying  to  the  southeast,  we  pass  over  a  spur  of  limestone  rock,  connected  with 
this  range,  showing  a  dip  of  15°  to  the  northeast,  a  similar  inclination  being  apparent  in  the 
principal  range.  The  rock  formation  appears  to  be  identical  with  that  before  noticed  near  El 
Paso,  having  a  directly  opposite  dip,  thus  forming  a  synclinal  axis,  in  the  trough  of  which  our 
route  seems  to  have  been  marked  out.  Leaving  this  latter  range  to  some  distance  on  our  left, 
we  approach  a  long  serrated  ridge  of  mountains  lying  directly  in  our  course;  near  the  base  of 
the  southeastern  extremity  of  these  mountains,  occurs  the  first  permanent  water  since  leaving 
the  Rio  Granie,  about  32  miles  distance.    This  locality  is  the  " Samalayurca  Spring." 

A  short  distance  beyond  this,  commences  the  singular  formation  known  as  the  " Medanos,"  or 
Sand-hills.  They  here  rise  conspicuously  to  view  from  the  plain  below,  presenting  an  exact 
appearance  of  the  sandy  dunes  along  a  stormy  seacoast.  It  is  difficult,  at  first  sight,  to  discon- 
nect this  remarkable  formation  from  such  an  obvious  cause,  and  not  to  represent  it  as  the  sandy 
beach  of  the  extensive  lake  in  which  the  deposits  were  made,  forming  the  wide  expanse  of  table- 
land so  often  referred  to.  The  present  facts,  however,  do  not  warrant  such  an  exclusive  opinion ; 
thus  the  separate  grains  of  sand  composing  the  sand-hills  are  seen  under  a  lens  to  be  angular, 
and  not  rounded,  as  would  be  the  case  in  regular  beach  deposits ;  they  are  also  extremely  light 
and  penetrating,  of  which  every  traveller  who  has  occasion  to  pass  this  locality  in  a  dry,  windy 
day  will  have  oadar  demonstration.  In  fact,  the  peculiar  features  of  this  formation  are  suffi- 
ciently explained  in  the  topographical  arrangement  of  the  country,  which  presents  an  immense 
plain,  stretching  out  in  the  direction  of  the  prevalent  northwest  winds. 

In  overlooking  the  surrounding  country  from  the  projecting  point  of  the  adjacent  gneiss  range, 
these  sand-hills  are  seen  to  form  a  crescent,  with  its  concavity  toward  the  northwest,  and 
rising  highest  where  the  accumulated  deposit  is  most  sheltered  by  rocky  barriers,  from  the 
levelling  influence  of  winds,  other  than  those  from  the  northwest. 

The  spring  which  occurs  in  this  locality  near  the  base  of  these  sand-hills  occupies  a  natural 
depression  of  the  general  plain.  Its  issue  spreads  in  a  shallow  pool  surrounded  by  aquatic 
plants  and  shrubbery.  The  central  spring  source  forms  a  deep  hole,  about  two  feet  in  diameter, 
bedded  with  quicksand,  which  is  surges  up  intermittently  at  various  points.  The  temperature 
of  the  water  is  70°  Fahrenheit  . 
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On  entering  the  sand-hills  from  the  north,  we  first  pass  over  a  considerable  swell  of  limestone 
rock,  from  the  southern  slope  of  which  we  pass  at  once  into  the  hills  of  sand.  Its  surface,  at 
first  variously  scattered  with  arid  shrubbery,  becomes  as  wo  proceed  almost  pure  drifting  sand, 
blown  by  the  wind  into  varying  ripple-marks,  and  assuming  all  the  different  shapes  of  drift  and 
hollow  imaginable.  As  the  view  of  the  surrounding  country  becomes  shut  out,  there  is  presented 
an  exact  picture  of  the  sandy  dunes  on  an  exposed  seacoast,  and  it  seems  almost  strange  not  to 
hear  the  roaring  of  the  surf,  or  catch  a  view  from  the  highest  elevations  of  a  wide  ocean  expanse. 

The  greatest  height  of  this  formation  is  on  the  southern  side,  or  in  the  convexity  of  the  arch, 
which  terminates  with  a  somewhat  abrupt  face,  merging  into  the  shrubby  plain  below. 

Our  route  from  this  point  leaves  the  Chihuahua  road,  passing  more  to  the  west,  and  thence 
skirting  along  the  base  of  jagged  mountains,  forming  a  broken  range  to  the  south  and  south- 
west. The  plain  traversed  is  similar  in  character,  and  continuous  with  that  on  the  opposite 
side  of  the  sand-hills,  having,  however,  an  increased  elevation.  Oui  route,  bearing  S.S.W., 
is  interrupted  by  occasional  spurs  of  limestone  rock,  proceeding  from  the  adjoining  mountains 
to  the  south. 

This  character  continues  for  some  twenty  miles,  when  we  begin  to  notice  an  obvious  change 
in  the  external  features  of  the  country.  The  frequent  valleys  leading  from  the  broken  mountain 
range  on  our  left  acquire  a  more  fertile  character,  and,  being  removed  from  the  incursions  of 
drifting  sand,  support  a  richer  growth  of  plants.  Beyond  this,  the  country  spreads  into  wide 
basin  plains,  presenting  to  the  eye  an  uniformly  smooth  outline.  The  soil  is  composed  of  a  stiff 
clay  sediment,  and  is  occupied  exclusively  with  a  growth  of  coarse  grasses.  In  their  lower 
depressions  these  extended  plains  frequently  present  a  perfectly  bare  surface,  destitute  of  all 
vegetation,  the  retentive  soil  either  holding  the  product  of  recent  rains  in  wide,  shallow  pools,  or 
more  often  showing  a  surface  cracked  and  blistered  under  the  influence  of  an  arid  atmosphere. 
We  find  frequently  scattered  over  its  surface  recent  land  shells,  as  indications  of  its  lacustrine 
character.  In  certain  localities  these  lower  depressed  flats  are  covered  with  a  white  saline 
efflorescence,  resembling  at  a  distance  sheets  of  water,  to  tho  frequent  disappointment  of  the 
thirsty  traveller.  The  roads  leading  over  these  tracts  are  firm  and  excellent.  The  natural 
supplies  of  water  are  very  inconstant,  being  in  great  measure  dependent  on  rains. 

Our  road  hence,  for  a  long  distance,  traverses  a  succession  of  these  plains,  of  greater  or  less 
extent,  alternating  with  short  ridges,  occasioned  by  the  passage  of  an  irregular  mountain  range. 

These  ridges  present  along  their  line  of  elevation  various  depressions,  at  which  the  passage  is 
generally  accomplished  by  an  easy  gravelly  slope.  The  exposed  rocks  are  of  carboniferous  lime- 
stone, associated  with  various  igneous  products. 

This  character  of  country  continues  till  we  reach  the  first  flowing  stream  yet  encountered  on 
our  march  from  the  Rio  Grande ;  this  is  the  Rio  St  a.  Maria.  As  here  exhibited,  it  shows  a 
flowing  brook  of  limpid  water,  from  10  to  20  feet  in  width ;  at  the  crossing  knee-deep,  and 
flowing  over  a  pebbly  bed.  Its  source  lies  far  to  the  south,  in  the  State  of  Chihuahua;  thence 
flowing  north,  it  empties,  about  30  miles  from  our  place  of  crossing,  into  Lake  Sta.  Maria. 
This  lake  is  shown,  by  the  examination  of  the  boundary  commission,  to  be  in  close  proximity  to 
the  larger  Lake  Guzman,  from  which  it  is  separated  by  a  range  of  mountains. 

These  lakes,  though  thus  separated,  belong  to  the  same  general  basin,  receiving  the  drainage 
of  a  large  tract  of  country — the  San  Miguel  and  its  tributaries  entering  on  the  north,  and  the 
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8ta.  Maria  on  the  south.  The  waters  of  these  lakes  having  no  outlet,  are  strongly  impregnated 
with  saline  substances,  so  as  to  be  unfit  for  drinking. 

The  adjoining  mountains  on  our  route  are  of  igneous  character,  being  composed  of  vesicular 
and  amygdaloid  trap,  forming  more  or  less  continuous  ridges,  ranging  north  and  south. 

Associated  with  the  fact  of  running  water  in  this  region,  we  see  the  country  characterised 
by  an  unwonted  appearance  of  fertility  and  verdure,  not  alone  confined  to  the  immediate 
borders  of  the  stream,  but  extending  over  tho  hills  and  plains  adjoining. 

Our  route,  after  crossing  the  Sta.  Maria  river,  takes  a  course  S.  70°  W.,  (mag.,)  passing 
over  country  characterized  as  above,  bounded  by  mountain  ridges  of  less  height  above  the 
general  surface  than  those  before  passed.  The  greatest  development  of  mountain  range  lies  to 
the  west.  The  various  rock  exposures  exhibit  most  abundantly  forms  of  amygdaloid  trap  ;  more 
rarely  we  meet  with  local  exposures  of  limestone  strata,  or  variable  metamorphic  products. 

Conspicuously  in  view  in  our  direct  course  are  the  mountains  in  which  the  silver  mines  of 
Corralitas  are  located,  consisting  of  an  assemblage  of  rounded  and  peaked  summit*  of  various 
heights,  rising  from  500  to  1,500  feet  above  the  adjoining  plain. 

These  mountains  occupy  an  area  of  about  5  miles  in  length  from  north  to  south,  and  2  to  3 
miles  in  width.  They  rise  isolated  in  the  midst  of  a  broad  alluvial  plain,  sloping  gradually  on 
the  east  and  west  towards  the  respective  valleys  of  the  Sta.  Maria  and  Corralitas  rivers.  A  wide 
intervening  depression  also  separates  them  from  higher  mountain  ranges  north  and  south.  The 
latter  mountains  present  a  marked  contrast  in  their  precipitous  sides  and  exposed  rock  of  a 
basaltic  character  to  the  uniform  smooth  outline  of  the  mineral-producing  mountains.  In  these 
latter,  indeed,  the  geological  formation  is  everywhere  concealed  from  view  by  a  variable  deposite 
of  earth  and  gravel,  thickly  covered  with  a  growth  of  gross.  It  is  this  fact  which  has  probably 
given  to  these  mines  their  Spanish  appellation  of  "Mituudel  mineral  de  la  Etcondida,"  or 
hidden  mines. 

The  mines  at  present  worked  occupy  the  most  northern  point  of  the  mountains,  though  mine- 
ral indications  and  abandoned  excavations  are  common  over  the  exposed  face  of  the  whole 
mountain  range.  The  various  excavations  bring  to  view  a  very  uniform  character  of  formation, 
first  passing  through  a  variable  layer  composed  of  angular  fragments  of  rock,  imbedded  in  a 
dry  brown  earthy  medium.  The  superficial  rock  exhibit*  a  siliceous  limestone  of  very  close 
compact  texture  and  dark  blue  color  ;  to  thiB  succeeds  the  true  silver-bearing  rock,  being  a  form 
of  subcrystalline  limestone  showing  the  action  of  internal  heat,  of  a  much  softer  texture  than  the 
preceding,  and  of  a  whitish  gray  color,  (specimen  rock,  No.  99.) 

In  this  latter  rock  are  exposed  the  veins  of  argentiferous  galena,  frequently  extending  into 
tho  upper  siliceous  rock,  but  acquiring  its  greatest  thickness  and  richness  in  this  lower  forma- 
tion. 

The  veins  of  mineral  penetrate  this  rock  in  the  form  of  variable  sheets,  dipping  regularly  at 
an  angle  of  45°  to  the  northwest. 

Further  details  in  reference  to  the  character  and  working  of  these  mines,  with  such  reliable 
mining  statistics  as  could  be  procured,  will  be  found  under  a  separate  head. 

From  the  mines,  by  a  gradual  and  continuous  descent  over  a  wide  grassy  plain,  scattered 
with  low  mezquite  bushes,  we  have  in  view  at  the  lowest  depression  the  valley  of  the  San  Miguel 
or  Corralitas  river,  and  the  towns  of  Baranca  and  Coiralitas.    ThU  plain,  though  usually  dry, 
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supports  a  fine  growth  of  nutricious  grasses,  and  the  mczquite  bushes,  which  are  scattered  over 
its  surface,  are  the  main  dependence  for  the  necessary  supply  of  charcoal  for  smelting  operations. 
To  first  view,  this  would  seem  to  offer  but  a  poor  supply  of  this  needful  article,  showing  in  such 
situations  only  a  shrubby  growth  ;  but  owing  to  a  remarkable  peculiarity  of  this  variable  and 
wide-spread  shrub,  it  is  found  that,  when  growing  in  such  exposed  situations,  instead  of  develop- 
ing a  distinct  trunk,  it  forms  thick  underground  stems.  These  being  grubbed  up  by  a 
class  of  peon  laborers,  are  disposed  in  piles  to  dry,  when  they  become  fit  for  conversion  into  a 
superior  article  of  charcoal. 

At  a  distance  of  20  miles  over  the  above  described  plain  we  reach  the  valley  of  the  San 
Miguel  river  ;  on  the  eastern  bank  of  which,  at  a  distance  of  three  miles  apart,  lie  the  towns  of 
Corralitas  and  Baranca.  We  hero  encounter  a  beautiful  limpid  stream  and  a  fertile  valley. 
At  Corralitas,  this  river,  as  seen  by  us  in  the  month  of  February,  and  again  in  April,  1852,  had 
an  averago  width  of  30  feet,  and  2  foot  in  depth,  flowing  over  a  sandy  or  pebbly  bed  between 
shallow  alluvial  banks.  The  season  of  high  water  is  said  to  be  in  September,  corresponding 
with  the  close  of  the  rainy  season  ;  at  which  time  a  large  portion  of  the  adjoining  bottom-land 
is  overflowed,  the  greater  part  of  which  is  susceptible  of  cultivation.  The  width  of  this  alluvial 
belt  is  variable,  being  occasionally  spread  out  in  low  marshy  tracts,  3  to  5  miles  wido ;  at  other 
places  contracted  by  the  encroachment  of  mountains  on  either  side.  Some  16  miles  above 
Baranca,  to  the  south,  are  the  remains  of  ancient  and  extensive  structures,  known  as  "  Gagas 
Grandee,"  still  occupied  by  a  flourishing  agricultural  settlement  under  the  same  name.  A 
similar  character  of  mountain  ranges,  as  before  noticed,  bound  the  valley  on  either  side ;  being, 
however,  composed  exclusively  of  igneous  rock,  the  higher  peaks  showing  generally  a  basaltic 
structure.  The  towns  of  Corralitas  and  Baranca  are  built  up  exclusively  with  a  view  to  mining 
operations,  the  ore  being  transported  to  these  places  for  smelting  and  refining.  Living  in  a 
state  of  constant  warfare  with  hostile  Indians,  the  raising  of  cattle,  or  even  the  cultivation 
the  soil,  is  confined  to  a  bare  supply  of  necessaries.  Abandoned  fields  and  deserted  ranchos  are 
frequently  met  with,  showing  a  quite  recent  period  of  greater  prosperity,  the  decline  of  which  is 
most  evidently  due,  not  to  the  natural  incapacity  of  tho  country,  but  the  inefficiency  and 
degeneracy  of  its  population. 

In  a  direction  W.N. W.  from  Corralitas,  and  about  24  miles  distant,  is  the  town  of  Janos. 
Our  road  to  this  place,  after  crossing  the  Corralitas  river,  leads  at  first  over  the  wide  grassy 
bottom-land  of  its  western  side,  here  nearly  5  miles  in  width.  From  this  we  pass  over  a  ridge 
projecting  into  the  valley  below,  and  descend  again  on  its  opposite  slope,  following  near  the 
course  of  the  lower  valley,  and  passing  over  a  shrubby  plain  similar  to  that  before  described, 
forming  a  sort  of  table-land  gradually  sloping  toward  the  river.  The  town  of  Ianos  is  situated 
on  a  branch  of  this  main  stream  flowing  from  the  southwest.  On  reaching  the  banks  of  this 
latter  stream,  we  find  a  mere  rippling  brook  running  over  a  pebbly  bed.  A  short  distance 
below,  its  waters  are  drawn  off  for  the  purpose  of  irrigating  the  gardens  and  cultivated  fields 
which  occupy  the  delta  formed  at  the  point  of  junction  of  the  Janos  branch  with  the  Ban 
Miguel  river.  The  town  is  situated  on  the  gravelly  table-land  on  the  left  side  of  the  stream 
overlooking  the  river  bottom,  and  set  off  in  the  background  by  a  range  of  high  mountains 
shutting  out  the  view  westward.  Our  route  leads  directly  toward  this  western  mountain  range, 
which  is  crossed  at  a  low  depression,  thence  descending  into  still  another  wide  basin  plain, 
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extending  in  its  greatest  length  from  north  to  south,  and  hounded  on  the  west  by  the  clearly- 
defined  range  of  the  Sierra  Mad  re. 

The  course  we  travelled  thence  lies  W.N.W.,  inclining  towards  this  mountain  range,  and  cross- 
ing diagonally  the  wide  basin  plain  intervening  between  this  and  the  Janos  range  of  mountains. 

About  10  miles  from  lanos  we  come  upon  a  singular  depressed  valley,  sank  some  50  feet 
below  the  gravelly  plain,  having  a  lower  alluvial  belt  about  a  quarter  of  a  mile  in  width,  which 
is  coursed  by  a  limpid  brook,  and  bordered  by  a  scattering  timber  growth. 

This  stream  is  said  to  have  a  lagoon  source  some  three  miles  to  the  southwest ;  thence  flowing 
northeast  10  or  15  miles,  it  terminates  in  a  marshy  lake  surrounded  by  mountains ;  thus  show- 
ing a  character  similar  to  that  before  noticed  in  reference  to  Lake  Guzman  and  Sta.  Maria  on 
a  smaller  scale. 

From  this  point,  following  a  continuous  course  W.N.W.  (mag.,)  the  road  passes  over  a  gently 
undulating  swell,  composed  of  gravelly  table-land,  thence  crossing  a  wide,  open,  alluvial  basin, 
similar  in  character  to  those  before  described. 

We  then  approach  the  high  mountain  range  of  San  Luis.  Our  progress  toward  the  moun- 
tain base  leads  by  a  gradual  ascent  till  a  near  approach  brings  to  view  deep  gullied  stream 
beds,  connected  with  the  drainage  of  the  mountain  valleys,  and  terminating  on  the  alluvial 
plains  below.  Near  their  sources  in  the  mountains  these  ravines  contain  running  water,  more 
or  less  copious,  according  to  the  character  of  the  season. 

On  reaching  the  first  rocky  spurs  from  the  main  range,  the  country  assumes  a  most  pictu- 
resque character.  Clumps  of  live  oak  (Quercus  L'moryt)  edge  the  ravines,  and  are  scattered  along 
the  mountain  slopes.  Cedar  of  a  shrubby  growth  is  also  frequent,  and  the  usual  mountain  shrub- 
bery serves  to  give  a  character  of  freshness  and  verdure  to  the  scenery. 

Directly  at  the  mountain  base,  and  forming  its  projecting  spurs,  a  reddish  form  of  porphyritic 
basalt  makes  its  appearance,  showing  a  precipitous  columned  face  and  tabled  summit. 

In  the  recesses  of  the  ravines,  as  exposed  by  the  mountain  torrents,  a  variable  deposite  of 
igneous  conglomerate  is  met  with,  flanking  the  central  rocky  mass.  This  central  nucleus,  as 
exhibited  along  the  sides  and  summit  of  the  mountain  range,  is  an  igneous  volcanic  product  of 
quite  recent  origin,  and  characterized  by  Professor  Hall  as  "  feldspathic  lava,"  exhibiting  a 
granitic  appearance.    (No.  86.) 

At  the  point  where  the  old  road  crosses  the  ridge,  called  the  "San  Luis  Pass,"  the  ascent  is 
quite  abrupt,  rising  from  the  plain  below  800  to  1,000  feet. 

The  summit  crest  commands  a  most  extensive  and  grand  view.  Looking  eastward,  the  eye 
takes  in  at  a  glance  the  wide  alluvial  plain  over  which  we  have  been  passing,  encircled  by  its 
irregular  mountain  boundaries,  showing  plainly  its  basin  character,  and  in  which  here  and 
there  stand  out  isolated  mountains,  as  islands  in  the  broad  expanse* 

To  the  north  and  south  is  a  continuation  of  the  main  ridge,  more  broken  to  the  north,  and 
apparently  forming  slopes  of  easier  ascent  than  the  one  passed  over  by  us.  Quite  possibly  at 
several  places  there  may  be  an  easy  transition  from  the  plains  on  one  side  to  those  of  the  oppo- 
site slope.  To  the  south  the  range  is  more  continuous,  of  a  rugged  character,  and  increased 
height. 

•  Thin  description  ™  written  before  the  line  tinder  the  treaty  of  1853  wae  rnn.  It  will  haTe  been  aeen  In  the  preceding 
part  of  thia  work  that  gwxl  pa***  were  found  to  the  north  and  within  the  limiU  of  the  United  State*.  W.  H.  E. 
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Westward  we  look  down  on  another  alluvial  plain,  less  distinctly  Txmnded  by  mountain 
ranges,  and  extending  to  a  great  distance  from  north  to  south.  On  its  western  limits,  at  a 
distance  of  about  ten  miles,  this  plain  abruptly  terminates  by  a  slightly  elevated  terrace,  the 
descent  from  which  to  the  lower  level  of  the  San  Bernardino  valley  forms  the  well  known  Pass 
of  Goadaloupe. 

Ilere,  then,  we  have  the  means  of  estimating  the  true  character  of  this  great  water-shed,  in 
its  connexion  with  the  present  line  of  boundary  both  to  the  north  and  south. 

Considerable  confusion  has  arisen  from  the  vague  terms  and  expressions  employed  by  writers 
to  describe  the  peculiarities  of  this  part  of  the  central  axis  of  the  North  American  continent. 
There  has  been  wanting  in  their  popular  descriptions  the  elements  of  a  general  principle,  appli- 
cable alike  to  all  great  dividing  ridges.  Geological  science  alone  furnishes  this  element,  giving, 
in  the  general  result  of  its  observations,  the  best  means  of  elucidating  all  the  points  involved, 
and  clearly  explaining  the  several  local  peculiarities  exhibited. 

In  most  of  the  descriptions  hitherto  given  of  this  portion  of  the  dividing  ridge,  we  hear  in 
frequent  use  the  stereotype  expressions  that  at  or  near  the  point  under  examination  the  range 
of  the  Rocky  mountains  becomes  "  suddenly  depressed,"  or  "  flattened  out,"  to  form  the  great 
Mexican  plateau.  Again,  that  at  some  imaginary  point  south  of  this  great  change  of  topo- 
graphical features  rises  another  distinct  range,  called  the  Sierra  Madre,  continuing  thence  to 
form  the  line  of  Cordilleras  extending  to  the  extreme  of  the  continent. 

Now,  such  descriptions  as  these  embody  no  clearly  defined  principle  of  geological  science,  and 
contain,  moreover,  errors  of  fact. 

The  Spanish  name  of  Sierra  Madrt  (literally  mother  mountains)  is  the  general  term  in  use  to 
describe  what  is  called  a  dividing  ridge  with  us,  and  its  special  application  to  the  range  under 
consideration  is  duo  to  the  important  character  of  this  divide  as  the  mother  range  of  the  continent. 

Now,  it  is  well  known  that  all  extended  continental  ranges  are  due  to  a  line  of  internal  dis- 
turbance, of  varying  intensity  at  different  points,  but  in  all  alike  characterized  by  the  protrusion 
of  various  igneous  products,  together  with  the  uplifting  of  adjacent  stratified  deposites,  either 
altered  in  texture  by  the  action  of  internal  heat  giviqg  rise  to  the  various  metamorphic  products, 
or  showing  the  action  of  an  uplifting  force  only  in  changes  of  inclinatian  or  dip  of  the  strata. 

Most  naturally,  then,  in  view  of  the  numerous  and  varied  agencies  at  work,  should  we  expect 
changes  of  character  at  different  points  of  the  same  range,  corresponding  to  points  of  greater  or 
less  intensity  of  the  internal  disturbance,  or  the  different  products  erupted  or  exposed  to  altera- 
tion. Hence  occur  elevations  and  depressions,  and  variety  of  formation  in  the  course  of  the  same 
continued  range. 

With  this  principle  in  view,  we  have  a  ready  explanation  of  all  the  peculiarities  exhibited  in 
the  portion  of  the  range  under  examination. 

Thus  the  igneous  products  are  mostly  of  modern  origin,  exhibiting  various  volcanic  products 
in  the  form  of  granitio  lavas,  porphyritic  basalts,  and  amygdaloid  traps.  These  products  show 
a  very  variable  character  of  exposure,  forming  ranges  irregular  in  their  direction,  and  differing 
in  composition. 

These  several  mountain  ranges  cover  more  or  less  the  entire  face  of  the  country,  including  tha 
dividing  ridge  only  as  one  member  of  the  general  series. 
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The  natural  explanatory  inference  from  these  facts  is,  that  the  internal  force,  here  represented 
in  the  continued  mountain  range,  was  diffused  oyer  a  large  space,  and  not  centralized  on  one 
particular  line.  Hence  arises  no  great  prominence  of  one  central  chain,  hut  a  number  of  inde- 
pendent ranges,  serving  to  equalize  the  general  elevation  and  give  the  character  of  an  elevated 
plateau  to  tho  surface  of  the  country. 

Again,  the  same  irregular  action  of  the  internal  force,  and  especially  the  preponderance  of 
recent  eruptive  products,  favors  a  varied  direction  of  the  mountain  ranges,  by  means  of  which 
areas  are  circumscribed  and  basins  formed  for  the  reception  of  aqueous  depositions.  Here,  then, 
we  see  the  origin  of  those  extensive  plains  and  stretches  of  table-land  to  which  our  attention 
lias  been  so  frequently  directed  in  the  preceding  sketch. 

These  same  characters  probably  apply  more  or  less  closely  to  many  other  localities  connected 
with  the  general  dividing  range,  whether  north  or  south  of  the  point  wo  are  examining. 

We  are  now  prepared  to  descend  the  western  slope  of  this  dividing  ridge,  and  note  the  pecu- 
liarities of  feature  presented  on  our  route  westward. 

Decending,  then,  by  an  equally  steep  slope  as  the  eastern  ascent,  and  about  the  same  height, 
we  come  upon  tho  alluvial  plain  below.  The  lowest  depression  of  this  plain  is  composed  of  a 
light  alluvial  soil,  and  thence  sloping  gently  upward  to  the  west,  exhibits  a  gravelly  deposit, 
till,  at  a  distance  of  about  eight  miles  from  tho  base  of  the  mountain  just  left,  wo  come  upon  the 
abrupt  descent  of  the  Guadalupe  Pass. 

This  noted  pass,  which  has  been  so  frequently  traversed  on  the  line  of  emigrant  travel  to 
California,  is  now  so  well  known  as  hardly  to  need  a  detailed  description. 

This  pass  has  been  properly  characterized  as  the  first  step  of  considerable  descent  from  tho 
Mexican  plateau  to  the  heads  of  valleys  leading  to  the  Californian  gulf.  It  has  now  been  clearly 
established  that  at  a  point  farther  to  the  north,  near  the  parallel  of  32°  latitude,  the  descent 
westward  may  be  accomplished  by  a  more  gradual  slope,  and  without  leaving  the  basin  of  drain- 
age pertaining  to  the  Gila  river. 

The  geological  structure  exposed  in  this  mountain  pass  is  similar  to  that  before  noted  as 
occurring  in  the  upper  slope  of  the  Sierra  Mad  re,  including  feldspathic  lava,  granitic  in  texture, 
associated  with  basalt,  stratified  porphyry,  and  closely  cemented  breccias. 

These  several  forms,  variously  associated,  Berve  to  give  a  remarkable  diversity  and  broken 
character  to  the  rock  exposure,  presenting  a  confused  outline  of  mingled  crests,  peaks,  and  ra- 
vines. Through  these  tho  road  has  to  work  its  way  by  sharp  turns  and  very  steep  descents. 
On  attaining  a  lower  level  we  pass  down  a  ravine,  gradually  widening,  which  finally  spreads 
into  a  small  valley,  watered  by  a  fine  running  stream,  and  beautifully  shaded  by  large  sycamore 
and  cotton-wood  trees.  This  valley  is  closely  hemmed  in  by  steep  rocky  walls,  marked  by 
intricate  ravines,  and  rendered  picturesque  by  a  varied  assemblage  of  live  oak,  cedar,  and  other 
verdant  shrubbery.  In  emerging  from  the  higher  points  of  the  mountain  range,  the  walls  of 
this  canon  exhibit  various  forms  of  stratified  porphyry  running  into  a  breccia.  The  character 
of  stratification  has,  at  several  points,  a  close  resemblance  to  altered  sedimentary  deposits, 
showing  a  reddish  color  and  a  very  uniform  character  of  dip. 

We  finally  leave  this  valley,  mounting  up  a  steep  bank,  composed  of  gravelly  table-land,  rising 
200  feet  above  the  bed  of  the  stream,  thence  passing  by  a  gradual  and  continuous  slope  toward 
the  main  valley  of  the  8an  Bernardino    The  table-land  hero  has  all  the  usual  characters  of  this 
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formation  in  other  parts,  not  differing  essentially  from  that  of  the  Rio  Bravo  or  Gila  valleys, 
and  terminates  by  an  abrupt  bank,  bounding  the  alluvial  basin  below. 

This  basin,  forming,  as  it  is  said,  the  head  of  the  Yaqui  river,  here  shows  a  wide  flat  plain, 
extending  from  north  to  south,  and  having  a  breadth  of  three  to  five  miles.  On  its  western 
edge  is  situated  the  deserted  settlement  of  San  Bernardino.  Adjoining  this  rancho  are  numer- 
ous springs,  spreading  out  into  rushy  ponds,  and  giving  issue  to  a  small  stream  of  running 
water.  The  valley  is  covered  thickly  with* a  growth  of  coarso  grass,  showing  in  places  a  saline 
character  of  soil.  The  timber  growth  is  confined  to  a  few  lone  cotton-wood  trees  scattered  here 
and  there. 

Signs  of  previous  cultivation  are  limited,  this  settlement  having  been  engaged  principally  in 
stock  raising.  The  numerous  bodies  of  wild  cattle  now  running  at  large  over  this  section  of 
country  are  the  remains  and  offspring  of  domestic  herds,  now  widely  scattered  and  hunted  by 


The  western  side  of  the  valley  is  precisely  similar  to  its  opposite,  showing  the  same  general 
character  of  gravelly  table-land.  This  leads  by  a  gentle  ascent  to  a  low  point  in  the  dividing 
ridge  separating  the  valleys  of  San  Bernardino  and  Aqua  Prieto. 

A  remarkable  tower-shaped  peak  rises  in  the  centre  of  this  ridge,  a  short  distance  south  of  the 
road,  forming  a  conspicuous  landmark.  This  ridge  is  seen  to  be  composed  of  one  or  more  of  the 
variable  forms  of  volcanic  products  so  often  noticed  heretofore ;  the  prevailing  character  is  here 
a  reddish  brown  granitic  mass. 

The  descent  on  the  opposite  (western)  side  of  the  ridge  to  the  alluvial  bed  of  the  Aqua  Prieto 
is  over  a  long,  tedious  slope,  the  gravelly  table-land  giving  place  to  extensive  tracts  of  clay  or 
loam,  supporting  a  patchy  growth  of  coarse  grass.  The  "  Black  Wuter  "  valley,  at  its  lowest 
depression  at  this  point,  contains  no  constant  running  stream,  its  course  being  mainly  occupied 
with  low  saline  flats  or  rain-water  pools.  Extensive  lagoons  are  said  to  occur  in  this  valley  a 
short  distance  south  of  where  the  road  crosses. 

The  main  tributary  to  this  valley  comes  from  the  west,  and  is  followed  to  its  head  on  the  line 
of  wagon-road.  Its  bed  consists  of  a  wide  ravine,  coursing  through  pebbly  strata,  variously 
marked  by  the  washings  and  drift  deposits,  caused  by  the  occasional  strong  current  derived 
from  local  rains.  At  other  times  its  bed  is  entirely  dry.  The  timber  growth  along  its  borders 
consists  of  hackberry  and  walnut. 

At  its  source  there  is  a  fine  spring,  issuing  from  ledges  of  stratified  porphyritic  rock,  identical 
in  character  with  that  noticed  at  the  foot  of  the  Guadalupe  Pass.  The  stratification  is  inclined 
to  the  northeast,  and  along  the  line  of  its  tilted  ledges  the  spring  issue  forms  frequent  pools  of 
limpid  water. 

From  this  point  we  pass  in  a  circuitous  course  to  the  southwest,  winding  among  rocky  spurs, 
and  thence  passing  up  an  upland  valley,  agreeably  diversified  with  groves  of  live  oak  and 
covered  with  luxuriant  and  nutritious  mountain  grasses.  On  this  route  we  pass  gradually  to  a 
divide  which  leads,  on  its  western  aspect,  to  an  eastern  branch  of  the  Upper  San  Pedro  valley. 

The  country  here  begins  to  assume  most  attractive  features.  To  the  north  and  west  rise  high 
mountain  ridges  clothed  with  pine  and  oak  groves ;  the  intervening  country  is  everywhere  car- 
peted with  fine  grama  grass,  the  nutritious  quality  of  w  hich  is  exhibited  in  the  well-conditioned 
character  of  the  numerous  wild  horses  and  cattle  that  luxuriate  over  this  favored  region.  Water 
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u  frequent  in  the  valleys,  and  everything  indicates  a  capacity  for  cultivation,  the  grazing  capa- 
bilities being  unequalled  by  any  tract  heretofore  passed  over. 

Beyond  this  the  San  Pedro  valley  spreads  out  in  diverging  branches  to  the  east  and  west,  thns 
drawing  tributary  a  very  extended  mountain  drainage. 

It  is  this  latter  character  which  sufficiently  accounts  for  the  fact  that  the  San  Pedro  is  the 
only  branch  of  the  Gila  River,  coming  from  the  south,  which  furnishes  an  uninterrupted  stream 
of  running  water  along  its  whole  course.  \ 

At  the  point  where  the  main  valley  of  the  San  Pedro  is  reached  we  find  an  alluvial  belt, 
variable  in  width,  and  occasionally  marshy.  These  bottoms  are  flanked  by  terraced  table-land 
of  unequal  heights,  composed  of  a  bard  gravelly  soil,  and  supporting  a  close  sward  of  grama 
grass,  giving  a  peculiarly  smooth  shorn  look  to  the  general  face  of  the  country. 

Occasional  exposures  of  igneous  rock,  or  the  projecting  spur  of  some  mountain  ridge,  serve  to 
diversify  the  scene ;  and  quite  constantly  in  the  higher  branch  valleys  is  exposed  a  form  of 
igneous  conglomerate.  This  latter  formation  is  exposed  in  irregular  bluffs  along  the  edges  of 
these  valleys,  presenting  washed  faces  and  precipitous  walls  crowned  with  terraces.  These 
higher  points  are  frequently  set  off  with  the  remains  of  deserted  dwellings,  plainly  located 
with  a  view  to  defence.  Other  eminences,  commanding  extensive  views,  are  occupied  by  rocky 
breastworks,  serving  the  double  purpose  of  watch-towers  and  strongholds  of  retreat.  Associated 
with  these  are  also  extensive  rocky  enclosures,  in  which  the  cattle  were  secured.  All  these 
points  are  suggestive  of  the  condition  of  constant  warfare  to  which  this  commencing  civilisa- 
tion was  subject,  and  nnder  which  it  was  at  last  obliged  to  succumb. 

These  upland  valleys  are  only  sparsely  wooded  by  occasional  cotton-wood  or  walnut  trees. 
Ag  wc  approach  the  mountains,  however,  the  timber  growth  becomes  more  abundant,  and  the 
lower  ridges  are  occupied  by  extensive  groves  of  oak,  which,  on  the  higher  points,  are  associated 
with  pine  and  cedar. 

From  the  head  of  the  "  Nutria"  (southwest)  branch  of  the  San  Pedro,  up  which  our  road 
passes,  we  commence  the  steep  ascent  of  the  mountain  ridge  lying  between  the  Santa  Cruz  and 
San  Pedro  valleys.  The  character  of  this  range  is  exactly  similar  to  what  we  have  before  de- 
scribed as  pertaining  to  all  the  higher  mountains  passed  over  on  our  route,  west  of  the  Sierra 


The  height  of  the  pass  leading  to  Santa  Cruz  is  not  less  than  1,000  feet  above  the  respective 
valleys  on  either  side,  being  equally  steep  and  rugged  on  either  slope.  The  same  ridge,  ex- 
tending toward  the  south  and  southwest,  forms  a  continuous  line  of  high  mountains,  lying 
between  the  San  Pedro  and  Santa  Cruz  valleys  ;  the  preferable  route  for  crossing  is  probably 
that  taken  by  Col.  Cooke  in  1846. 

The  upper  route,  being  the  one  more  commonly  followed,  strikes  the  Santa  Cruz  valley  near 
ite  head  source. 

The  direction  of  this  valley  is  at  first  nearly  due  south,  giving  the  idea  that  its  drainage  is 
on  the  line  of  the  rivers  flowing  south  to  the  California  Gulf.  It  is  indeed  so  laid  down  on 
most  of  the  maps  of  this  region,  but  this  is  manifestly  incorrect.  Abotit  three  miles  south 
of  the  town  of  Santa  Cruz  the  valley  makes  a  sharp  elbow ;  thence  doubling  on  its  former 
conree,  it  continues  north  and  northwest,  being  the  same  valley  in  which,  lower  down,  are 
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located  the  towns  of  Tubac  and  Tucson  ;  thence  leading  toward  (though  probably  hardly  ever 
reaching)  the  Gila  River,  near  the  Pimo  settlement*. 

The  situation  of  the  town  of  Santa  Cruz  is  highly  picturesque,  lying  embosomed  amid  lofty 
wooded  mountains.  Its  soil  is  fertile,  abundantly  watered,  and  susceptible  of  easy  irrigation  ; 
its  elevation  gives  it  a  cool  temperature,  suited  to  the  production  of  northern  fruit*  and  cereal 
grains. 

A  cut-off,  over  the  mountain  range  intervening  between  the  two  courses  of  the  river,  leads, 
by  a  distance  of  18  miles,  to  a  lower  part  of  the  valley,  maintaining  in  the  main  the  same  gen- 
eral features,  but  showing  a  marked  change  in  the  climate.  This  Utter  fact  becomes  still  more 
apparent  in  our  progress  downward,  as  shown  by  the  comparative  forwardness  of  vegetation. 
Thus  a  short  journey  of  three  days  (or  80  miles)  from  Santa  Cruz,  between  February  27th  and 
March  1st,  1852,  showed  a  difference  in  the  advance  of  vegetation  equal  to  a  full  month  in  time; 
so  that  while  at  Santa  Cruz  the  cotton-wood  trees  were  barely  budding,  the  first  day's  journey 
displayed  their  loose  catkins,  the  second  the  opening  leaf,  and  the  third  the  full  leaf. 

Greater  aridity  also  characterizes  the  lower  portion  of  the  valley,  and  the  live  oik,  so  common 
above,  gives  place  to  heavy  growths  of  mezquite.  The  adjoining  mountains  on  either  hand 
become  in  great  measure  bare  of  trees,  and  present  steep  ledges  of  igneous  rock  exposed  along 
their  broken  range.  The  immediate  edges  of  the  valley  are  flanked  by  a  conglomerate  forma- 
tion, similar  to  that  noticed  on  the  Upper  San  Pedro.  Accompanying  these  changes  the  stream 
contracts,  and  finally,  in  certain  points  along  its  course,  ceases  to  run,  and  the  usual  desert 
features  of  all  waterless  tracts  in  this  region  are  exhibited. 

We  thus  pass  the  settlements  of  Tomocacori,  Tubac,  San  Xavier,  and  Tucson,  together  with 
numerous  deserted  ranchos  occupying  various  points  along  the  valley.  After  leaving  Tubac, 
which  is  situated  about  midway  between  Santa  Cruz  and  Tucson,  the  valley  expands  into  a  wide 
open  basin,  the  mountains  receding  on  either  hand,  and  the  dry  valley,  now  almost  exclusively 
occupied  by  mesquite,  is  bordered  by  a  wide  stretch  of  gravelly  table-land.  On  this  table-land 
we  meet,  for  the  first  time  on  our  route,  that  most  remarkable  vegetable  production,  the  Cerent 
ffig aniens.  Further  on  it  becomes  abundant,  its  stiff  trunks  and  branched  arms  rising  up  here 
and  there  like  sentinels,  and  giving  a  most  peculiar  character  to  the  landscape  scenery. 

Approaching  the  town  of  San  Xavier,  noted  for  its  superb  church,  contrasting  strangely  with 
the  mud  hovels  surrounding  it,  we  again  come  upon  running  water,  with  its  constantly  asso- 
ciated fertility  and  verdure.  In  this  vicinity  occur  rocky  knolls,  composed  of  a  dark-colored 
trap-rock,  which  formation  becomes  still  more  largely  developed  in  the  vicinity  of  Tucson,  form- 
ing extensive  ridges  having  a  tabulated  form  and  very  irregular  outline. 

The  settlement  of  Tucson  occupies  the  lowest  line  of  constant  running  water,  and  consequently 
the  last  fertile  basin  lying  in  the  course  of  this  valley.  Below  this,  on  the  north,  succeeds  the 
extensive  desert  tract  lying  between  Tucson  and  the  Gila  River. 

In  pursuing  our  course  down  the  valley,  the  adjoining  table-land  gradually  merges  into  the 
desert  plain  over  which  our  road  passes.  Hardly,  however,  did  it  seem  to  deserve  the  name  of 
a  desert  at  the  time  of  our  crossing  it.  Owing  to  the  refreshing  influence  of  recent  rains,  a 
rapid  growth  of  evanescent  flowers  gave  its  otherwise  barren  surface  the  aspect  of  a  flower  gar- 
den, regaling  both  the  sense  of  eight  and  of  smell  with  a  profuse  and  varied  assemblage  of  tints 
and  scents.    Water  sufficient  for  our  animalH  was  found  in  ravines  by  the  side  of  the  road,  and 


Digitized  by  Google 


20 


GEOLOGY. 


a  journey  of  eighty  miles,  otherwise  dreaded,  was,  hy  an  agreeable  disappointment,  rendered 
highly  pleasant.  Our  journey  was  made  in  the  first  week  in  March  ;  doubtless  another  month 
might  have  changed  its  features  materially. 

Our  course  lies  quite  regularly  to  the  northwest,  a  broken  line  of  mountains  lying  on  our 
left,  while  to  our  right  lies  the  extensive  high  mountain  range  northeast  of  Tucson.  Directly 
in  our  course  is  a  singular  pinnacled  peak,  being  the  "half-way  point"  between  Tucson  and 
the  Gila ;  approaching  this,  we  pass  by  a  gradual  ascent  over  a  gentle  ridge,  forming  a  de- 
pressed point  in  a  continuous  mountain  range  extending  from  the  pinnacled  peak,  on  our  left, 
northeast  toward  the  Gila  valley.  Near  the  summit  of  this  ridge  we  pass  small  alluvial  tracts, 
then  occupied  by  a  luxuriant  growth  of  young  grass,  and  cut  up  by  deep  gullies  containing 
abundant  supplies  of  rain  water.  The  rock  exposure  here  has  a  more  ancient  appearance  than 
any  before  passed,  indicating  an  approach  to  the  granite  ranges  of  the  Californian  Cordilleras. 

We  descend  tlie  northern  slope  of  this  ridge,  passing  over  extensive  clay  fiats  washed  by 
recent  rains  into  frequent  gullies,  these  finally  centering  in  one  form  the  irregular  bed  of  a  rain 
stream  leading  direct  to  the  Gila,  river. 

The  portion  of  the  Gila  valley  thus  reached  is  where  the  river,  emerging  from  the  high 
mountains  occupying  the  mouth  of  tho  San  Pedro,  spreads  out  into  the  extensive  alluvial  bot- 
toms, occupied  in  part  by  the  settlements  of  the  Pimo  and  Maricopa  Indians. 

The  gravelly  table-land  here  forms  a  gentle  slope,  leading  from  the  distant  mountains, 
and  indenting  the  alluvial  belt  below.  This  latter  consists  of  an  upper  level,  supporting 
a  shrubby  growth  of  mezquite,  and  a  lower  bottom  subject  to  river  overflows.  On  these  upper 
portions  the  Indians  usually  construct  their  dwellings,  thus  overlooking  the  lower  cultivated 
fields.  The  amount  of  land  here  capable  of  cultivation  is  quite  extensive,  forming  a  belt  on 
each  side  of  the  river  often  several  miles  in  width,  and  extending  east  and  west  for  20  miles  or 
more. 

The  stream  of  water,  then  at  its  average  height,  (in  early  March,)  measured  about  40  yards 
in  width  with  an  average  depth  of  2  feet,  the  volume,  however,  being  considerably  diminished 
by  the  extensive  irrigating  ditches  drawn  from  above. 

The  line  of  the  river  bank  is  at  this  season  set  off  with  lagoons  and  marshes,  and  everywhere 
bordered  with  a  dense  willow  growth,  rendering  it  difficult  of  approach. 

The  dams,  which  serve  the  purpose  of  drawing  off  the  irrigating  water,  are  constructed  of  old 
willow  trunks  and  snags  ;  these,  in  the  course  of  time,  entangling  the  loose  soil  and  sediment 
borne  down  by  the  river,  furnish  a  bed  for  the  willow  growth,  thus  becoming  more  permanent 
with  age. 

From  a  rock  knoll  of  true  granite,  abutting  on  the  river  on  the  American  side,  a  fine  view  is 
obtained  of  the  general  character  and  external  features  of  this  interesting  locality. 

The  character  of  the  Gila  valley,  from  this  point  down  to  its  mouth,  did  not  come  under  my 
personal  inspection.  All  accounts  represent  a  great  uniformity  of  general  features  already 
sufficiently  detailed. 

Thus  we  have  a  succession  of  basins,  limited  by  mountain  barriers,  through  which  the  river 
forces  its  way,  forming  canons  of  greater  or  less  extent. 

These  basins  are  again  occupied  by  more  or  less  extensive  stretches  of  gravelly  table-land, 
representing  tho  desert  features  of  this  region ;  through  these  are  marked  the  alluvial  tracts, 
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varying  in  width  and  character  according  to  the  geological  conditions  surrounding  them; 
through  this  the  river  works  its  sinuous  course,  with  a  swift  current  and  turbid  water,  till  it 
empties  into  the  Colorado  of  the  West. 

IV.— MINERAL  PRODUCTIONS  OP  THE  REGION  OF  COUNTRY,  IN  CONNEXION  WITH  THE  MEXICAN 
BOUNDARY  LINE,  FROM  THE  MEXICAN  OULF  COA8T  TO  THE  COLORADO  OF  THE  WEST. 

[Notx.— ThU  report  wan  written  before  the  treaty  of  1653,  and  applies  more  particularly  to  the  old  boundary  under  tho 
treaty  of  Gaudalupe  Hidalgo.] 

The  mineral  productions  of  the  region  of  country,  in  connexion  with  the  United  States  and 
Mexican  boundary  line,  are  necessarily  various,  as  corresponding  to  the  different  geological 
formations.  The  detailed  examinations  necessary  to  furnish  a  satisfactory  estimate  of  the  real 
value  of  this  class  of  products  are  still  wanting,  and  the  peculiarities  of  the  country  itself  place 
great  obstacles  in  the  way  of  arriving  at  clear  results. 

Among  the  most  important,  which  we  may  here  briefly  enumerate,  are:  First.  Such  as  are 
connected  with  the  various  forms  of  igneous  and  metamorphic  rocks,  including  Copper,  Geld, 
Silver.    Second.  Such  as  pertain  to  the  stratified  or  alluvial  deposites,  including  Coal,  Scdt, 

lr  yp*U  III. 

FIRST  CLASS. 

Copper  is  quite  frequently  found  in  connexion  with  porphyritic  rocks.  The  most  usual  form 
of  the  ore  is  that  of  green  malachite  and  red  oxide.  The  locality  best  known  is  that  of  Santa 
Jtita  del  Cobre,  which  was  profitably  worked  about  20  years  ago.  Analysis  of  ore  from  this 
locality  exhibited  a  yield  of  75  f£e  per  cent,  of  copper. — (See  analysis  by  Professor  T.  Antisell.) 

No  mine  of  copper  is  at  present  worked  in  any  part  of  the  region  under  examination. 

Gold  is  said  to  be  sparingly  found  at  various  localities,  in  connexion  with  diluvial  deposites, 
derived  from  adjacent  igneous  rocks.  It  is  hero  met  with  in  a  finely  disseminated  state,  and 
has  never  yet  been  found  in  sufficient  quantities  to  yield  a  fair  return  for  the  labor  expended. 
It  would  seem  here  to  belong  to  tho  same  character  of  formation  as  that  of  Mexico,  associated 
with  forms  of  porphyry,  and  never  to  approach  in  richness  the  deposits  of  California ;  such, 
indeed,  we  would  expect  in  the  general  absence  of  metamorphic  slates  and  quartz  veins,  so  well 
known  to  be  the  most  prolific  source  of  gold  in  other  regions.  But  one  locality  of  the  true  gold- 
producing  rocks  was  met  with  on  our  route,  and  that  was  at  the  furthest  western  point,  near  the 
Pimo  villages,  on  the  Gila. — (Specimen  rock,  Nos.  97  and  98.) 

Silver. — Silver  ore  is  found  at  several  localities,  mostly  on  the  Mexican  side  of  tho  line.  It 
has  also  been  found  in  the  Organ  Mountains  and  various  portions  of  southern  New  Mexico. 
The  localities  best  known  in  Mexico  adjoining  the  boundary  line  occur  at  Corralitas  and  Presidio 
del  Norte,  in  the  State  of  Chihuahua,  and  at  Santa  kosa,  in  the  State  of  Coahuila.  The  only 
one  at  present  successfully  worked  is  that  at  Corralitas,  before  referred  to.  The  oro  from  which 
the  silver  is  obtained  is  a  form  of  Argentiferous  Galena,  containing  very  variable  proportions  of 
silver.  According  to  the  statement  of  the  principal  proprietor  of  these  mines,  Mr.  Flotte,  the 
average  yield  of  the  beHt  mineral  is  0.50  per  cent,  of  silver ;  analysis  of  a  single  specimen  by 
Professor  Antisell  gave  only  0.03  of  one  per  cent.,  a  discrepancy  difficult  to  account  for,  except 
on  the  supposition  that  the  ore  varies  remarkably  in  tho  relative  amount  of  contained  silver. 
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The  working  of  these  mines  is  carried  on  in  a  very  rongh  manner.  The  excavations  simply 
commence  with  the  surface  exposure  of  the  veins,  thence  following  them  down  by  rude  and 
irregular  shafts,  inclined  according  to  the  dip  of  the  vein,  at  an  angle  of  45°  to  the  northwest. 
The  ore  is  extracted  by  blasting,  both  the  mineral  and  the  refuse  material  being  brought  up  on 
men'B  backs.  Where  the  depth  is  such  as  to  cause  an  accumulation  of  water  the  mine  is 
abandoned. 

Tho  richest  of  these  distinct  mining  excavations  is  that  called  "San  Pedro."  This,  when 
visited  in  1852,  had  attained  a  depth  of  eighty  yards.  The  mineral  vein,  as  exposed  along  the 
line  of  excavation,  exhibited  a  very  variable,  thickness,  from  one  to  twelve  inches ;  the  character 
of  the  ore  and  its  specific  gravity  also  varied  at  different  points. — (See  description  and  analysis 
by  Professor  T.  Antisell.) 

The  mode  of  extracting  the  silver  is  by  a  double  process  of  mulling  and  refining.  By  the 
former  the  ore  is  reduced,  by  the  means  of  a  common  furnace,  to  the  form  of  an  alloy  of  lead 
and  Bilver.  In  the  refinery  the  lead  is  removed  by  burning  it  out  in  a  blast  furnace,  leaving 
the  silver  in  the  shape  of  irregular  cakes,  weighing  about  eight  ounces  each.  Tho  refining 
process  occupies  about  twelve  hours. 

The  following  information  in  reference  to  the  working  of  two  of  the  principal  mines  and 
reducing  establishments  and  the  amount  of  silver  produced  is  furnished  by  the  proprietor, 
Mr.  Lui*  Floite,  of  Baranca. 

The  mine  of  San  Pedro  employs  about  forty  men,  whose  wages  average  $10  per  month.  The 
amount  of  ore  extracted  by  this  number  of  men  monthly  is  from  160  to  200  loads,  of  300  pounds 
each.  This  is  calculated  to  yield  from  24  to  32  ounces  of  silver  per  load.  The  average  monthly 
expense  of  working  this  mine  is  about  $1,000. 

The  mine  of  Leon  employs  about  the  same  number  of  men,  and  requires  the  same  expense  of 
working,  viz:  $1,000  per  month.  The  amount  of  mineral  extracted  from  this  mine  is  about 
600  loads  per  month,  of  300  pounds  each,  estimated  to  yield  three  ounces  of  silver  to  the  load. 
This  ore  is  chiefly  valued  as  a  flux  to  assist  in  the  reduction  of  the  richer  mineral. 

Smelting  Establishments  and  Refineries. 

There  are  two  of  each  of  these  establishments  in  operation  at  Baranca.  The  number  of  men 
employed  in  all  the  necessary  labor,  including  hauling  the  mineral,  manufacture  of  charcoal, 
&c,  is  125.    The  average  monthly  expense  is  $2,000. 

When  in  full  operation,  the  amount  of  ore  smelted  is  180  loads  of  San  Pedro  ore,  and  500 
loads  of  Leon  mineral,  of  300  pounds  each.    Total,  204,000  pounds  per  month. 

The  yield  of  silver  for  this  amount  of  ore  would  be  an  average  of  420  pounds,  at  $16  per 
pound,  equal  to  $6,620,  leaving  a  profit  for  capital  invested  of  $2,620  per  month.  The  total 
amount  of  silver  produced  at  this  mining  location  for  six  years  ending  January  1, 1852,  as  given 
by  tho  two  proprietors,  is — 

Mr.  Luis  Flotto,  at  Baranca  ,  ,   $340,000 

Senor  Don  Jose  Maria  Zuloaga,  at  Coralitas   146,000 

*  ,   

Total   486,000 
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-  Coal. — A  remarkable  form  of  coal,  closely  resembling  oannd  coal,  is  found  in  connexion  with 
the  cretaceous  strata  on  the  Bio  Grande,  being  exposed  at  several  points  along  the  coarse  of  the 
river  from  the  mouth  of'the  Pecos  to  Laredo.  The  character  of  the  formation  and  economic 
value  of  the  product,  as  an  article  of  fuel,  will  be  given  in  the  report  of  Mr.  Schott. 

Salt  occurs  in  connexion  with  salt  lakes,  occupying  depressed  portions  of  the  wide  desert 
tracts,  to  which  the  term  of  Llano  Estacado  is  applied.  The  product  is  more  or  less  pure,  and 
in  greater  or  less  abundance,  according  to  obvious  local  causes. 

Gypsum  occurs  in  connexion  with  marls,  belonging  either  to  the  upper  Tertiary,  or  alluvial 
series  of  deposits.  In  such  situations  it  frequently  forms  very  extensive  beds,  composing  the 
main  bulk  of  local  table-land  exposures. 

In  concluding  this  report,  I  have  to  express  my  special  obligations  to  Professor  James  Hall, 
of  Albany,  who  has  kindly  favored  me  with  his  views  of  the  geological  collections  of  the  survey, 
and  otherwise  rendered  assistance  in  making  out  this  report.  Similar  acknowledgments  are 
due  to  Professor  John  Torrey,  of  New  York,  in  reference  to  the  botany. 

Especially,  in  this  final  conclusion  of  my  duties  on  the  Mexican  boundary  survey,  are  my 
sincere  thanks  due  to  Major  W.  H.  Emory,  with  whom  I  have  been  directly  associated,  in  field 
and  office  duties,  for  the  last  five  years,  a  length  of  time  signalized  by  repeated  and  considerate 
acts  of  kindness  on  his  part,  as  my  superior  officer,  and  gratefully  remembered,  on  mine. 
Respectfully  submitted. 

C.  C.  PARRY,  M.  D., 
Botanist  and  Gtologut  U.  S.  B.  C. 


I  consider  the  present  a  proper  place  to  insert  the  analysis  of  minerals,  not  only  of  those 
referred  to  by  Dr.  Parry  in  the  above  memoir,  but  those  which  were  collected  in  the  new  Terri- 
tory subsequently  to  his  withdrawal  from  the  commission. 

In  the  Organ  Mountains,  near  Fort  Fillmore,  and  at  several  other  places  along  our  route, 
silver  mines  have  been  opened  by  enterprising  Americans,  but  I  have  not  obtained  analyses  of 
the  minerals  procured  at  them,  for  the  obvious  reason  that  the  experience  of  the  miner  will  bo 
a  more  valuable  test  of  the  value  of  the  mine  than  any  which  can  be  afforded  by  specimens. 

Nothing  can  be  a  more  fallacious  test  of  the  value  of  a  mine  than  the  analysis  of  pieces  of  ore 
taken  at  random  from  the  metallic  vein,  as  most  of  these  havo  been.  Its  true  value  can  only  be 
arrived  at  by  actually  working  the  mine,  which,  for  the  purpose  of  experiment,  may  be  carried 
on  upon  a  very  limited  scale. 

Those  familiar  with  the  localities  will  see  in  the  analysis  that  specimens  from  veins  of  known 
value  are  heTe  exhibited  as  yielding  a  very  low  per  cent,  of  precious  metal.  These  specimens 
are  therefore  not  fair  examples  of  the  whole. 

When  at  Janos,  I  observed  the  inhabitants  collecting  nitre  from  the  soil  by  the  rudest  process, 
and  was  informed  that  all  the  powder  used  in  blasting  at  the  mines  of  San  Pedro  was  manufac- 
tured from  the  nitre  thus  obtained.  The  soil,  in  many  places  almost  destitute  of  vegetation,  is 
no  doubt  surcharged  with  this  substance,  and  a  portion  of  soil  was  collected  to  be  analyzed,  and 
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has  beea  mislaid.  In  view  of  the  difficulty  experienced  in  obtaining  thia  substance  in  time  of 
war,  the  subject  ia  well  worth  the  attention  of  government. 

Many  of  the  earths  and  roclcB  were  placed  in  the  hands  of  my  lamented  friend  and  classmate, 
Professor  J.  W.  Baily,  for  microscopic  examination.  His  state  of  health  did  not  permit  him  to 
go  entirely  through  with  the  examination.  He,  however,  had  made  some  progress,  and  I  here 
give  a  short  and  characteristic  note  from  that  eminent  and  beloved  gentleman,  which  gives  an 
interesting  summary  of  the  results  of  hia  investigations  up  to  that  time. 

W.  H.  E. 


Wpt  Poi«,  N.  Y.,  Ayri  2,  1866. 

Major  W.  H.  Emory,  Qmmiimtmtr  U.  8.  M.  Boundary  Survey. 

Vuau.  Major  i  This  time  we  have  •one  lock.  Three  of  the  specimen*  tat  wnt  prove  quite  Interesting.  They  are  No*. 
18  and  19,  from  cretaceous  strata,  Leon  creek  and  Leon  spring,  West  Texas,  and  No.  23,  travertin-like  cruat,  from  bed  of  San 
Pedro 

The  specimens  Noe.  18  and  1 9  are  interesting,  at  containing  a  conaideratile  number  of  fossil  Poiythalamia,  (microscopic  cal- 
careous  shells,)  and  still  more  so  from  yielding  Ane  green  tmd  casts  of  the  tame  minute  forms.  This  fact  of  the  occasional 
formation  uf  green  sand  in  the  cavities  of  minute  shells  was  discovered  by  Ehrcnbcrg,  and  I  have  verified  it  in  specimens 
from  several  American  localities.    I  would  be  glad  to  get  a  good  Mipply  of  Noe.  1*  atwl  19  for  further  study. 

The  travertin-like  crust,  No.  23,  has  an  organic  basis.  When  treated  with  chloro-bydric  acid,  it  leaves  a  tpongy  mass, 
greater  than  the  original  volume,  and  composed  of  plants  belonging  to  the  genera  Oacillatoria,  Hydroooleum,  Ac.  There 
arc  several  of  these  plants  which  delight  in  calcareous  waters,  and  always  incrost  themselves  as  in  ( 


With  regard  to  tho  mom  urates,  I  cannot  satisfy  myself  that  the  filamentous  mosses  In  them  are  really  of  eonfervoid  i 
If  they  wire,  It  is  now  impossible  to  distinguish  a  single  vegetable  cell.    1  incline  to  tho  belief  that  they  are  rather  < 
Uonary  deposits  of  oxide  of  iron,  which  may  possibly  have  had  organic  nuclei  to  collect  upon ;  but  if  so,  these  last  have 
di»i[>i*ared.  .  ■  # 

The  cretaceous  earths  attached  to  the  Texian  fossils  will  be  well  worth  further  study,  and  any  which  have  specks  of  green 
sand  in  them  will  be  particularly  interesting. 

Yours,  very  truly, 

J.  W.  BAILEY. 


Nmw  Yowt,  13  Jfsrasr  stoat,  January  31,  1864. 

Three  samples  forwarded  for  analysis : 

No.  1.  Silver  ore  from  Sou  Pedro  mine. 
No.  3.  Ore  from  copper  mines. 
No.  3.  Ore  from  Leona  mines. 

No.  1.— Argentiferous  galena ;  partly  granular,  chiefly  fibrous;  specific  gravity  603.  It  contains  iron  pyrites,  dissemi- 
nated in  small  cavities. 

The  amount  of  silver  was  determined  by  moist  analysis.  Two  grammes  of  ore  wore  treated  with  nitric  acid ;  to  the  clear 
solution  hydrochloric  acid  was  added — the  resulting  cloride  of  silver  fused.  The  lead  was  determined  as  carbonate,  by  adding 
carbonate  of  soda  to  the  solution,  after  separating  the  silver.    Some  adhering  earthy  matters  remained  undissolved  by  the 


nitric  acid. 

Anidysls  yielded  in  100  ports  : 

Insoluble  silicates   4.50 

Load   ....    88.20 

Sulphur   12. 7» 

Oxide  of  iron  and  traces  of  copper  46 

fiilvcr  ;  03 

Loss  ,  OS 


100.00 


Indicating  a  yield  of  6\  ounces  of  silver  per  ton. 

No.  2.  tUd  eapftr  ore.—  Massive  ;  specific  gravity  6. 10 ;  of  a  deep  liver  red  color  in  fresh  fractures,  coated  on  the  outside 
with  a  crust  of  green  malachite,  to  the  depth  of  vV  of  an  inch ;  dissolved  with  slight  effervescence  in  nitric  add ;  it  fur- 
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ninhes  wate  r  when  heated  in  the  test-tube,  arising  from  the  presence  of  the  hydrated  carbonate.    Tho  copper  «M  deter- 
mined as  oxide  by  treating  the.  add  solution  i 
In  100  parts: 

.  Water  and  carbonic  add   4.70 

Oxide  of  copper  .1   95. 30 

*                                                                                              *        *  *  " 

-  loo.oo 

or  yielding  75tV»  per  cent,  of  copper.   

No.  3.  Bmcn  iron  art. — Ochreoos  variety  ;  specific  gravity  =  3'.  yields  but  little  water  in  the  tobe ; 
in  hydrdehlorit  add.   Hie  iron  was  determined  arperoxide  by  precipitation  with  ammonia. 

Organic  (vegetable)  matter  and  water     ,   7.80 

Insoluble  earthy  matter,  (clay)  .   15. 00 

Peroxide  of  iron.     ....  70.70 

liow  J...   5.05 


"I  -   1.00 

Carbonic  acid  j   

100. 00  . 

Yields  49  per  cent,  of  metallic  iron. 

THOMAS  ANTTBELL,  Jf.  V. 



fiia :  I  have  the  honor  herewith  to  submit  to  you  the  results  of  the  examination  of  salts,  ores,  and  minerals,  made  by 
me  for  the  United  States  Mexican  Boundary  Commission.  The  analyses  ware  made  in  the  laboratory  of  this  institution. 
The  numbers  correspond  with  those  attached  to  the  original  labels.  The  ores,  though  few  in  number,  are  of  such  a  character 
as  to  raise  high  expectations  of  the  mineral  wealth  which  thorough  exploration  will  develop©  in  the  region  traversed  by  the 
commission. 

No.  15.   Argentiferous  galena,  from  the  copper  mines  of  Santa  Rita,  in  New  Mexico.    Tho  specimens  examined  are  very' 

from  the  oxidation  of  iron  pyrites.  One  of  the  specimens  contains  adherent  portions  of  the  gangne  from  both  sides  of  the 
vein,  showing  it  to  have  been,  at  this  spot,  1  to  1J  inch  In  thickness.  It  yielded  73. 75  per  cent  of  lead.  The  mean  of 
two  Accordant  assays,  by  cup<  Uation,  gave  0. 365  per  cent,  of  silver.  The  copper  in  both  this  and  the  following  specimen  Is 
so  unequally  disseminated,  that  it  was  Impossible  to  obtain  a  fair  average  without  destroying  the  specimen.  The  amount 
of  copper  in  both  ores  is  small.  '  ,  - 

No.  18.   Lead  ore,  from  the  silver  mines  of  San  Pedro,  In  Chihuahua.   The  specimens  furnished  me  do  not,  probably, 

with  zinc  blende,  quartz,  iron  pyrites,  and  a  little  copper  pyrites.    A  sample,  which  was  regarded  as  affording  a  1 
average,  yielded  38. 39  per  cent,  of  lead.   Tho  mean  of  two  aasayH  gave  0. 70  per  cent  of  silver. 

No.  18.  A  white  saline  substance,  occurring  as  an  incrustation  on  the  soil,  at  Salado  spring,  in  Chihuahua.  Jt  dissolves 
in  water,  leaving  only  a  small  residue  of  white  sand,  umtaining  calcareous  particles.  It  consist*  chiefly  of  chloride  of 
sodium,  (common  nit,)  with  a  considerable  quantity  of  sulphate  of  soda,  and  small'  quantities  of  sulphate  of  magnesia, 
chloride  of  magnesium,  and  sulphate  of  lime.  Tho  presence  of  nitrates  could  not  be  detected.  If  this  salt  occurs  In  sum 
cient  quantities,  it  will  prove  a  very  valuable  source  of  supply  of  table  salt,  tho  want  of  which  is  strongly  felt  in  this  region. 
The  presence  of  sulphates  of  soda  and  magnesia  renders  it  unfit  for  use  in  its  present  state,  but  it  might  easily  be  freed  from 
these  impurities  by  solution  and  re-evaporation.  The  sulphate  of  lime  is  precipitated,  in  combination  with  sulphate  of  soda, 
an  pan-Btono,  when  the  saline  solution  ultnins  a  certain  .degree  of  concentration.  If  the  concentration  be  not  curried  too 
far,  chloride  of  sodium  crystallizes  out  almost  pure.  The  mother  liquor  contains  in  solution  the  rest  of  the  chloride  of  sodium, 
with  sulphate  of  soda  and  salts  of  magnesia.  It  is  highly  probable  that  the  springs  which  deposit  this  salt,  by 
evaporation,  contain,  in  solution,  enough  salt  to  bu  used  as  salines.  The  waters  might  l>e  concentrated  to  i 
by  being  made  to  pass  over  piles  of  twigs,  in  graduation  houses,  as  is  < 
thus  <<ffected. 

No.  18.  -Is  merely  the  same  salt  as  the  last  specimen,  taken  from  a  depth  of  six  inches  below  the  surface.  The  propor- 
tion of  sand  aJid  gravel  in  it  is  much  greater,  but  it  shows  that  the  whole  soil  Is  impregnated  with  gullne  matters. 

No.  19.  Copper  ore,  from  Boca  Grande,  in  Chihuahua.  This  is  a  very  beautiful  aud  pure  specimen  of  red  oxide  of  copper, 
intimately  mixed  with  native  copper.  It  is  entirely  free  from  sulphurate  and  earthy  minerals.  The  exterior  is  partially 
covered  with  a  thin  crust  of  malachite — green  carbonate  of  copper.  This  ore  yielded,  In  an  assay 
way,  94.8  per  cent,  of  copper.  A  very  similar  ore  has  been  described  by  Mr.  Blake,  as  occurring  near  Altar,  i 
The  compact  sabcrystalllne  appearance  of  tills  ore  gives  evidence  of  a  massive  deposit 


.  faclflc  Railroad  Surrrr,  (partial  rout*  in  California,)  nad.r  tht  coaumaod  uf  Ltaw.  B_  a.  WDIIsmsoo,  Top.  E*j.,  1M. 
itsort  by  WUUuo  P.  Bias*,  fwlofiM  and  ■nineralucut,  p.  74. 
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No.  S3.  A  compact,  white,  feldspatbic  rock,  from  the  valley  ot  the  Ban  Pedro  river,  in  Honor*.  Before  the  blow-pip*  it 
exhibits  all  the  relictions  of  a  feUile  or  fine-grained  porphyry.  The  texture  U  compact,  resembling  the  bate  of  porphyry  without 
Ibc  crystals,    alio  surface  exhibits  numerous  small  cavities,  resulting,  perhaps,  from  the  decomposition  of  crystals  of  feldspar. 

No.  24.  A  yellowish  pulverulent  subrtance,  described  by  Dr.  C.  R  R  Kennerly  as  occurring  m  a  mountain  gorge  be- 
tween abrupt  walk  of  volcanic  rock.  When  treated  with  acid  it  effervesce*  strongly,  showing  the  presence  of  carbonate  of 
lime.  After  the  effervescence  baa  cvaied,  the  residue  does  not  seem  to  be  much  acted  upon  by  hot  concentrated  acids.  Before 
the  blow-pipe  it  fuses  with  difficulty  to  a  white  enamel,  owing  probably  to  a  comhdnation,  at  this  high  temperature,  of  the 
silica  and  lime  present.  Water  takes  up  from  it  a  considerable  quantity  of  saline  matters,  consisting  of  sulphate*  of  lime 
and  magnesia,  with  traces  of  chloride  of  sodium  and  chloride  of  potassium.  If  this  he  a  volcanic  ash,  as  its  appearance  and 
mode  of  occurrence  suggest,  the  presence  of  the  saline,  matter  and  carbonate  of  lime  moot  be  attributed  to  the  subsequent 
action  of  mineral,  probably  thermal,  springs  containing  these  salts  in  solution. 

Very  respectfully,  yours, 

JOHN  l>.  EASTER, 
PL  J).,  CKmU  m*t  Mm****- 


SsHTHSOMAV  IjCfRTUTTOIf,   11  itshirttjton  t  ApnX  11,  1856. 

Sir  :  1  have  the  honor  herewith  to  report  the  result  of  my  examination  of  the  ores  and  coals  submitted  to  me  for 
analysis.  Those  the  locality  of  which  is  not  given  belong  to  tbe  collection  obtained  by  you  front  a  "  prospecter,"  who 
refused  to  reveal  the  precise  locality  in  which  they  were  found.    Tbe  rest  were  collected  by  Mr.  A.  8cbott. 

No.  1  is  a  lignite  taken  from  cretaceous  strata,  covered  by  trap,  at  Santa  Rosa,  Coahulla.  The  specimen  has  a  brilliant 
lustre,  even  fracture,  and  shows  no  trace  of  woody  structure.  The  streak  is  brown.  It  is  free  from  pyrites.  Fragments 
of- it  heated  to  redness  in  a  closely  covered  crucible  tact  30.45  per  cent,  of  water  and  bitumen,  leaving  69  fr5  per  cent,  of 
coke,  which  was  very  porous  and  had  a  brilliant  metallic  lustre.  The  same  specimen  completely  incinerated  yielded  14.22 
per  cent,  of  ash. 

No.  2.  Lignite  ;  a  dull,  lustreless  specimen,  otherwise  quite  similar  to  the  preceding.  Treated  in  the  mi  way,  it  yielded 
61.  Z  per  cent,  of  coke,  and  16.  8  per  cent,  of  ash,  of  a  reddish  color.    No  pyrites  wss  observed  in  it. 

No.  3.  Lignite  ;  in  all  respects  similar  to  the  preceding.  It  gave  45.  5  per  cent,  of  coke,  and  1ft  per  cent,  of  ash.  This 
Is  the  best  of  these  oeals.  The  trreat  amount  of  ash  which  these  specimens  contain  renders  them  of  little  value  as  fuel 
where  wood  can  be  had,  hut  in  the  treeless  region  where  they  occur  they  may  be  very  useful  if  the  beds  are  extensive  and 
occur  at  a  small  depth  below  tbe  surface ;  at  the  specimens  were  probably  taken  from  the  outcrop,  it  Is  not  unlikely  that 
the  seams,  when  further  worked,  will  improve  in  quality. 

No.  4.  A  lignite  from  Lake  Guzman,  in  Chihuahua,  containing  a  lar^e  proportion  of  iron  pyrites,  which,  by  the  action  of 
the  atmosphere,  has  been  decomposed  and  converted  into  sulphate  of  iron.    It  is  entirely  worthless. 

No.  5.  Water-worn  pebble*  of  red  oxide  of  iron,  mixed  with  much  silica,  from  Los  Nogalos,  near  the  Intersection  of  the 
parallel  31°  20'  north  latitude,  with  the  11 1th  meridian.  The  specimen  which  I  assayed  yielded  32  per  cant.  *f  iron  ;  the 
assay  was  made  by  Penny's  process,  with  bichromate  of  potash. 

No.  6.  Two  small  specimens  of  red  hematite,  mixed  with  specular  iron  ore  and  quarts,  yielding  37  per  cent,  of  Iron. 

No.  7,  Carbonate  of  lead,  associated  with  earthy  block  oxide  of  ina£cnc*ia  and  Iron  ochre.  This  is  a  very  unusual  associ- 
ation of  minerals.  The  magnesia  contains  no  cobalt,  as  Is  the  case  in  a  similar  ore  occurring  at  lline  la  Motts,  in  Missouri. 
The  specimen  yielded,  in  an  assay  conducted  in  the  wet  way.  17. 04  per  cent,  of  lead. 

Mo.  8.  Malachite,  (carbonate  of  copper.)  enclosing  a  core  of  red  oxide  of  copper,  containing  a  few  particles  of  native 
copper.    It  yielded  67. 76  per  oeot.  of  copper. 

No.  9.  Bod  oxide  of  copper,  containing  a  considerable  proportion  of  native  copper,  in  threads  and  crystal*.  The  speci- 
men Is  created  superficially  with  malachite,  and  Is  precisely  similar  to  the  ore  No.  19,  from  Boca  Grande,  described  in  my 
former  report,    it  will  yield  about  96  per  cent,  of  copper.  ' 

No.  10.  A  specimen  of  black  oxide  of  copper,  associated  with  silicate  of  copper  and  silica.  The  mean  of  two  assays  gave 
60  per  cent,  of  copper. 

No.  11.  Black  oxide  of  copper,  mixed  with  some  sulphnret  of  copper  and  quarts,  from  the  Sierra  Tule,  in  Bonora.  This 
t»  very  similar  to  tbe  last  specimen.    It  yielded  67.  66  per  cent,  of  copper.    No  silver  was  found  in  it 

No.  12.  Bed  oxide  of  copper,  associated  with  malachite  and  small  particles  of  native  copper,  from  the  Arisona  urines,  in 
Sonora.    The  mean  of  two  assays  gave  74.  96  per  cent,  of  copper. 

No.  13.  A  compact  slliclous  ore,  containing  galena,  sulphurate  of  copper,  and  arsenical  pyrite*,  intimately  mixed  with 
quarts  and  calcareous  spar.  It  yielded,  in  an  assay  conducted  in  the  wet  way,  41. 84  per  cent,  of  lead  ;  0.  12  per  cent,  silver; 
and  2.  H  per  cent,  copper. 

No.  14.  Galena,  associated  with  variagated  sulphurct  of  copper,  carbonate  of  lead,  and  quarts.    Very  slight  trace*  of 
silver  were  detected  by  hydrochloric  acid.    The  specimen  yielded  60. 4  per  cent,  of  lead,  and  4  per  cent,  of  copper. 
I  have  the  honor  to  remain,  very  respectfully,  yours, 

JOHN  D.  EA8TBB. 


zed  by 
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HKiniteaiA*  iOTnrrrioa.  tTaalwjfon,  June  2,  1856. 

Sra, :  I  bar*  the  honor  to  report  herewith  the  results  of  my  analysis  of  the  mineral  water  brought  by  the  Boundary  Com- 
mission from  Mier,  and  of  a  sedimentary  deposit  said  to  be  taken  from  a  spring  in  the  tame  vicinity. 

The  water  waa  contained  in  two  bottles,  obtained  at  different  times,  one  by  yourself,  the  other  by  Mr.  A.  Sthott.  Th« 
whole  quantity  not  exceeding  one  quart,  it  was  Impossible  to  do  more  than  determine  the  quantity  of  tlie  more  abundant 
Ingredients  and  the  presence  of  some  others.  A  thorough  and  minute  analysis  of  a  mineral  water  oannot  well  bo  nuuta 
with  lew  than  two  to  five  gallons  of  water,  some  of  the  ingredients  being  present  in  exceedingly  minute  quantities,  and 
yet,  doubtless,  exerting  an  Important  influence  on  its  medicinal  properties.  The  analysis  was  conducted  essentially  after 
Kreaenius'  method. 

This  water  belongs  to  the  class  of  neutral  salines,  the  most  abundant  salt  being  chloride  of  sodium.  Its  apedfic  gravity 
is  1. 003. 

A  qualitative  analysis  proved  the  presence  of  the  following  substances:  Silica,  iron,  alumina,  lime,  magnesia,  soda 
sulphuric  acid,  chlorine,  phosphoric  acid,  iodine,  and  carbonic  acid. 

It  is  called  a  sulphur  wat«r,  but  I  could  not  detect  the  presence  of  any  trace  of  sulphuretted  hydrogen.    It  has  no  reac 
r,  and  its  taste  Is  decidedly  saline. 

I  as  Callows :  .  • 

.  Of  solid  matter  is  0.  6763  per  cent.,  consisting  of— 

Silica   0. 016586  per  cent. 

Protoxide  iron   -   0.000754  per  cent. 

Alumina  


lame       0. 009389  pet  cent 

Magnesia  «-    0.009580  per  cent. 

Sodium  ,   0. 143323  per  cent. 

Chlorine...   0.340470  per  cent 

Sulphuric  acid  010180  per  cent. 


<  0.630282 

Combined  in  the  following 


  0.016586 

Sulphate  of  lime   0.017306 

•       Carbonate  lime.   0.004*41 

Carb  magnesia  -   0. 020120 

Carb.  protoxide  of  iron   0.001214 

Chloride  of  sodium   0.628560 

>•   ■ 

0.  687837 

■  1  ■ 

The  yellow  powder  (ru  arked  No.  25)  is  a  deposit  from  a  chalybeate  spring.    It  was  (.apposed  from  its  color  to  contain  a 
large  quantity  of  snlphur,  but  this  color  is  due  to  hydrated  oxide  of  iron.    When  ignited,  the  mw  smumexi  a  bright  red  hue. 
Mo  sulphur  is  present  in  it,  but  it  contains  considerable  quantities  of  sulphates  and  chlorides  of  lime,  magnesia,  and  soda. 
I  have  the  honor  to  remain,  very  respectfully,  yours, 

JOHN  D.  E  A  STICK. 
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CHAPTEK  II. 


SUBSTANCE  OF  THE  SKETCH  OF  THE  GEOLOGY  OF  THE  LOWEB  BIO  BBAVO 

DEL  NOBTE. 

(By  Arthur  6ch©tt,  AmUtant  Bnrveyor,  U.  8.  B.  C,  Ac.] 

Sib  :  In  compliance. with  your  instruction,  I  have  the  honor  to  submit  to  you  the  following 
description  of  the  geological  features  of  the  country  adjoining  the  Bio  Bravo  del  Norte,  from  the 
mouth  of  the  Bio  Puerco  (Pecos)  to  the  Gulf  of  Mexico. 

For  the  whole  extent  of  country  thus  designated,  I  shall  use  the  geological  term  crelaceowi 
basin  of  {he  Bio  Bravo,  to  correspond  to  the  upper  basin,  which  may  be  properly  characterized 
as  the  carboniferous  metamo'-phic  limestone. 

,  .  .  . —  


kl.uk.  of  Uk  R.q  B«t«  dri  Nam,  *4  mil,.,  .bore  Die  dkmUi  »(u«  Rio  xwi  Jvaro,  O  ««•> 

Commencing  at  the  point  where  the  Pecos  empties  its  muddy  waters  into  the  Rio  Bravo,  we 
find  for  a  distance  of  about  50  miles  a  high  table-land,  consisting  of  solid  masses  of  hard,  dark- 
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gray  limestone.  This  formation,  viewed  in  its  lithologic  character,  may  bo  considered  ah  car- 
boniferous ;  yet  the  frequent  occurrence  of  fossil  remains  within  its  limits  hardly  admits  of  its 
separation  from  the  cretaceous  Bystcm. 

The  outside  of  this  limestone  is,  as  already  stated,  of  a  dark  ash  color,  often  rougb,  p re- 
presenting the  appearance  that  a  violently  boiling  mud-peol  would  after  being  upheaved  and 
suddenly  cooled.  Its  inside  is  often  white  or  pale  yellow,  and  mealy,  with  a  great  tendency  to 
disintegration,,  which  causes  a  great  many  holes,  fissures,  and  excavations  of  every  shape  and 
description.  These  give  this  limestone  a  peculiar  appearance,  and  one  that  is  remarked  by  every  , 
traveller. 

VALUEYJJ. 

The  small,  as  also  the  larger,  valleys  are  mostly  formed  by  the  continued  washing  out  of  the 
dells  and  fissures.  Thus  formed  by  denudation  throughout  the  whole  country,  with  their 
borders  cracked  in  every  direction,  they  deserve  only  the  name  of  deeply  cut  ravines,  (cartons.) 
This  cracked  peculiarity  may  be  ascribed  to  the  combined  influence  of  a  high  temperature,  to 
which  this  formation  may  have  been  at  some  time  exposed,  and  a  subsequent  more  or  less 
gradual  refrigeration.  There  is  scarcely  a  doubt  but  that  all  these  table-lands  were  also  formed 
under  the  sea,  and  at  the  same  time  exposed  to  volcanic  action.  If- so,  this  limestone  really 
deserveB  the  name  metamorphic,  and  it*  somewhat  anomalous  appearance  would  be  accounted  for. 

It  is  our  opinion  that  the  limestone  of  the  region  above  referred  to  is  not  of  the  same  character 
throughout ;  it  is  not  uniform,  and  appears  under  the  most  variable  shapes.  It  may  be  Been  in 
various  localities,  alternating  with  strata  that  bear  the  most  striking  resemblance  to  magncsian 
limestone, 

STRATIFICATION. 

* 

The  strata  of  this  formation  are  generally  arranged  horizontally ;  sometimes,  however,  local 
disturbances  appear  which  placed  them  into  synclinal  or  anticlinal  positions.  The  lower  strata, 
often  being  of  less  solidity  than  the  upper,  and  readily  disintegrating  under  atmospheric 
agencies,  are  finally  washed  out  into  excavations  by  the  action  of  water.  These  excavations 
occur  commonly  in  the  beds  of  ravines,  and  also  in  the  banks  of  the  river  as  considerable  caves. 
They  are  also  to  be  seen  near  the  top  of  the  table-lands  and  hill-ranges,  lying  as  so  many 
terraces,  one  above  the  other ;  the  more  solid  layers,  resisting  the  action  of  external  agencies, 
project  far  beyondlthe  softer. 

High  table-lands,  intersected  with  deep  vertically  walled  valleys,  characterize  the  face  of  the 
whole  country.  The  walls  of  these  valleys,  or  more  properly  speaking,  canons,  are  variously 
cracked  open,  and  presenting  ravines  of  greater  or  less  extent  in  all  directions. 

Those  valleys  seem  to  have  relation  only  to  the  lithologic  character  of  the  formation.  They 
are,  therefore,  usually  short,  and  do  not  terminate  in  gradually  diminishing  fissures,  like  the 
heads  of  rivers  and  creeks,  but  suddenly  end  with  a  deep  chasm  under  a  vertical  wall  of  rock. 
Deep  holes  are  washed  out  under  these  masses  of  rock,  where  rain  water  collects  and  remains 
for  a  considerable  time.  , 

WATER  HOLES. 

Excavations  similar  to  those  here  mentioned,  and  retaining  water  for  some  time,  occur  also  in 
the  usually  dry  beds  of  the  tributaries  of  the  Bio  Bravo.   This  is  in  most  ca^s  the  only  water 
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that  can  be  procured  throughout  the  arid  regions  bordering  the  upper  portion  of  the  cretaceous 
basin  of  the  river.  Whilst  the  running  water  in  these  dry  beds  can  find  it*  way  only  by  a  sub- 
terranean passage  through  the  holes  and  fissures  presented  by  this  formation,  pools  and  small 
ponds  of  150  to  200  feet  in  length  and  breadth  occur  in  the  cavities  formed  in  the  solid  masses 
of  Tock.  The  valleys  of  the  rivers  Bravo,  San  Pedro  or  Devil's  river,  and  Pecos,  resemble  each 
other  in  this  respect. 

BOTTOM-LAND. 

Soil  suitable  for  cultivation  is  scarcely  seen  in  these  river  bottoms.  When  small  slips  of  it 
appear,  it  is  confined  to  places  where  a  projecting  rock  or  a  deposit  of  mud  and  drirV-wood  offers 
some  protection  against  the  violence  of  the  currents  everywhere  present  in  these  rivers. 

Such  patches  of  bottom-land  offer  the  only  shelter  and  home  for  the  growth  of  trees,  consisting 
almost  exclusively  of  live  oak,  hackberry,  pecan  tree,  ash,  and  some  two  or  three  species  of  rhua. 
The  country  embraced  by  this  formation  is  a  waterless  region,  with  a  barren  and  rugged  surface. 
There  is  but  one  constantly  running  tributary  of  the  Rio  Bravo  between  the  mouths  of  the 
Pecos  and  8an  Pedro,  a  distance  of  40  miles.  The  waters  of  this  tributary,  of  a  blue  crystal- 
like  transparency,  boil  out  in  a  deep  chasm  from  beneath  a  solid  mass  of  limestone,  and  pour  a 
rapid  and  full  current  into  the  river,  but  a  few  paces  distant,  through  dark  green  shades  of  flowery 
and  fragrant  thickets  that  line  its  bed.  Its  solitary  beauty,  amid  the  barrenness  and  unbroken 
silence  of  the  surrounding  wilderness,  suggested  a  fairy  creation,  and  suggested  the  name  of 
"  Fairy  Spring"  to  this  enchanting  stream. 

Other  ravines  or  "  rock  creeks"  afford  at  times  a  small  stream  of  clear  running  water.  In 
their  rocky  .beds  occur  here  and  there  a  series  of  water  holes  and  small  ponds,  either  isolated  or 
connected  only  by  a  trickling  run  of  water.  There  are  several  creeks  of  this  character,  especially 
in  the  vicinity  of  the  Pecos  ;  among  which  may  be  mentioned  Painted  Gallery,  Nine-tailed  Cat, 
Oak  creek,  and  Fox-hole. 

ANTEDII<UVIAL  DUNES. 

■  '  *  . 

Groups  of  hills  and  low  ridges,  from  80  to  100  feet  in  absolute  height,  appear  in  different 
localities  on  the  table  land  of  this  region.  Fossil  remains  are  found  on  their  slopes,  and  show 
that  they  also  belong  to  the  cretaceous  formation,  and  constitute  its  last  link.  These  hills  may 
be  considered  as  accumulations  of  cretaceous  debris,  preceding  tertiary  strata.  The  irregularity 
of  the  line  of  their  direction,  and  their  unmistakeable  parallelism  with  the  %rater-courses,  lead 
to  the  conclusion  that  they  really  once  bordered  the  submarine  currents  of  a  vast  cretaceous  sea, 
of  which  the  section  of  country  towards  the  mouth  forms  a  part.  Thus  we  are  able  to  trace 
these  antediluvial  dunes  on  both  sides  of  the  river,  and  all  its  tributaries,  not  only  in  its  upper 
part,  but  evtn  as  far  down  as  the  point  whore  the  cretaceous  ridges  come  into  view. 

The  Bio  San  Pedro  forms  a  kind  of  geological  boundary,  and  seems  to  have  some  close  rela- 
tion to  other  physical  peculiarities  of  the  adjoining  region.  Some  changes  are  hero  perceptible 
in  the  fauna,  flora,  and  meteorology;  to  speak  of  which,  however,  is  foreign  to  the  matter  in 
hand. 

UPPER  METAMORPH1C  LIMESTONE. 
The  limestone  below  the  mouth  of  the  San  Pedro  or  Devil's  river  does  not  form  such  solid 


as  that  above.    The  high  table-lands,  already  described,  change  into  a  more  rolling, 
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sometime*  broken,  country.  Tbo  rocky  portions  are  only  exposed  along  the  valleys  and  water- 
courses, whose  perpendicular  walls,  now  thrown  down,  appear  only  as  sloping  banks.  The 
lithologic  nature  of  the  rock  becomes  more  earthy ;  its  fracture,  sharper.  It,  however,  frequently 
presents  a  roUnded  and  blunt  surface,  particularly  where  there  is  a  tendency  to  disintegration. 
The  limestone  embraced  in  the  section  of  country  lying  between  the  mouths  of  the  rivers  San 
Pedro  and  Las  Moras,  like  that  above,  seems  to  be  metamorphic;  it,  however,  differs  from  the 
limestone  above  the  river  San  Pedro,  in  indications  of  having  been  subjected  to  the  action  of  a 
higher  temperature ;  and  its  cretaceous  character  is  also  proved  by  the  occurrence  of  fossil  re- 
mains, which  form  in  some  Tcspects  a  transition  from  the  adjacent  geological  rone.  The 
surface  of  this  geological  belt  is  completely  covered  with  drift  and  alluvial  soil ;  and  the  growth 
of  treeB  (consisting  almost  exclusively  of  mezquite)  appears  more  liberally  distributed.  Whilst 
there  are  scarcely  any  trees  to  be  seen  upon  the  prominent  points,  the  dells,  basins,  or  flat 
valleys,  where  rain-water  washes  together  and  deposits  the  more  fertile  portion  of  the  soil,  are 
usually  invested  with  scattered  groves  of  the  leguminous  trees. 

HOW  WATERED. 

The  surface  of  this  region  is  usually  dry  ;  it  is,  however,  well  watered,  when  compared  to  the 
country  adjacent. 

The  road  from  San  Antonio  to  El  Paso  del  Norte  crosses  in  this  belt  (about  40  miles  wide)  six 
clear  and  bold  running  Bt reams,  of  which  Las  Moras,  Piedras  Pintas,  Zoqucte,  and  San  Felipe 
are  the  most  characteristic.  They  are  somewhat  similar  in  general  appearance,  and  in  all 
probability  have  their  origin  on  a  more  solid  but  in  a  greatly  deeper  situated  stratum ;  for  they 
pour  forth  at  once  their  crystal  waters  either  from  deep  funnel-shaped  basins  or  from  rocky  clefts. 
Several  of  these  springs  indicate  a  higher  temperature  than  the  water  in  the  streams  below. 

The  water  of  all  these  little  streams,  as  also  that  of  the  Bio  San  Pedro  or  Devil's  river,  is 
strongly  impregnated  with  carbonate  of  lime.  Everything  hanging  within  its  touch,  or  in  any 
way  exposed  to  its  action,  becomes  perfectly  coated  over  by  its  calcareous  deposite  in  a  remarka- 
bly 6bort  time. 

In  consequence  of  the  permanence  and  abundance  of  running  water  in  these  tributaries  of  the 
Rio  Bravo,  their  bottom-land  will  in  time  be  highly  valued  for  agricultural  purposes.  It  would 
be  an  easy  matter  to  irrigate  it,  as  the  fall  of  water  almort  throughout  is  very  considerable. 

INTERSPERSED  STRATA. 

The  groups  of  hills  mentioned  before  as  placed  upon  the  table-lands  of  the,  country  between 
Devil's  river  and  the  Pecos,  appear  again  in  this  belt  as  belonging  not  only  to  the  later  strata 
of  the  cretaceous  system,  but  also  apparently  to  a  still  later  date.  These  strata  are  usually  met 
with,  bordering  and  constituting  the  edges  of  the  different  valleys.  The  fossils  occurring  in 
these  localities  are  also  of  the  age  just  mentioned.  As  an  essential  characteristic,  we  cite  hero 
strata  and  Bhoals  consisting  almost  solely  of  entire  and  fragmentary  pieces  of  Exogyra,  Arietina, 
(Roemer.)  They  appear  either  in  a  state  of  perfect  preservation,  or  as  a  real  breccia ;  the  cement 
of  which  is  mostly  an  ochre-colored  calcareous  sand  or  clay. 

The  stratification  of  this  formation  shows  a  succession  of  layers  of  variously  tinted  marls,  of 
more  or  less  coarsely  grained  sand,  and  also  of  differently  colored  limestone;  all  are  profusely 


Digitized  by  Google 


32 


GEOLOGY. 


impregnated  and  sprinkled  over  with  oxide  of  magnetic  iron.'  Some  of  these  strata  contain 
pieces  of  the  latter  formed  into  every  shape,  bnt  most  commonly  give  to  the  matrix  the  real 
habitus  of  volitio  texture. 

This  imbedded  formation  increases  as  you  approach  its  lower  edge,  (Las  Moras,)  leading  to 
another  change  in  the  lithological  features  of  the  country  along  the  Rio  Bravo, 

Before  considering  this  change,  however,  another  fact  of  much  geological  importance  is  not 
to  be  overlooked.  . 

TJIE  DYKE. 

About  twenty  miles  below  Las  Moras  is  Elm  creek,  (Arroyo  do  Los  Olmos,)  the  next  tributary 
of  the  Bio  Bravo  on  the  Texan  side.  Its  valley  belongs  to  still  another  geological  belt ;  none 
of  the  more  solid  inetamorphic  limestones  before  referred  to  are  now  to  be  seen.  The  whole 
country  from  Las  Moras  to  the  mouth  of  the  Bio  San  Juan,  and  even  as  far  down  as  the  vicinity 
of  the  Mexican  town  of  Rcynosa,  forms  another  link  of  the  cretaceous  system ;  a  more  soft  and 
brittle  sandstone,  (partly  chloritic?)  varying  in  grain,  color,  and  cohesion,  constitutes  the  main 
part  of  this  formation.  This  resembles  very  much,  if  it  is  not  in  reality,  the  green  sandstone 
or  chloritic  chalk  itself. 

Its  northern  limit,  where  it  joins  the  more  recent  metamorphic  limestone  some  distance  below 
the  Las  Moras,  is  distinctly  marked  by  a  line  which  shows  on  the  surface  or  in  the  soil  signs  of 
a  geological  disturbance.  This  limit  is  the  valley  of  Elm  creek,  two  miles  and  a  half  above 
Eagle  Pass.  It  is  wide  and  flat;  tho  ridges  of  hills  bordering  it  are  often  overthrown  and 
washed  down,  whilst  the  horizontal  strata  in  many  places  are  brought  into  synclinal  or  anti- 
clinal positions.  The  creek  itself,  not  the  one  of  that  name  on  the  El  Paso  road,  is  sluggish, 
and  carries  only  a  dirty,  greenish,  and  brackish  water,  which  often  disappears  in  its  bed,  leav- 
ing only  here  and  there  small  ponds  and  muddy  pools.  Out-crop  of  pretty  extensive  beds  of 
lignite  coal  occur  on  both  sides  of  the  mouth  of  this  creek  well  worthy  of  examination,  and  may 
prove  to  be  of  commercial  value. 

These  coal-layers  probably  gave  the  name  "Piedras  Negras"  to  the  Mexican  military  colony 
in  the  vicinity.  The  aspect  of  tho  valley  of  Elm  creek,  and  the  character  of  the  country  to 
the  right  and  left  of  the  Rio  Bravo  at  this  point,  justify  the  idea  that  a  subterraneous  volcanic 
dike  crosses  the  basin  of  the  Rio  BravO.  By  turning  for  a  moment  from  our  course  along  the 
Rio  Bravo,  and  proceeding  from  the  mouth  of  Elm  creek  in  a  direction  southwest  by  south  for 
about  seventy  miles,  we  reach  the  foot  of  a  high  and  bold  mountain  range  formed  of  metalliferous 
limestone,  (zechstein,)  the  precious  contents  of  which  once  made  Santa  Rosa  famous  as  a  silver- 
mining  town. 

On  the  line  between  the  Rio  Bravo  and  the  Santa  Rosa  mountains,  the  face  of  the  country 
shows  many  signs  of  a  geological  disturbance  ;  the  usually  undulating  region  becomes  more 
broken,  whilst  the  flat,  long-stretching  ranges  of  hills  are  frequently  overthrown.  The  slope 
of  the  Santa  Bosa  mountain  is  rocky,  wildly  broken,  and  steep,  and  large  portions  of  the  strata 
are  entirely  dislodged  and  most  anomalously  placed.  The  stratification  here  is  not  only  seldom 
horizontal,  but  frequently  thrown  up  vertically.  There  is  some  regularity,  however,  in  this 
apparent  disorder,  particularly  with  respect  to  the  parallelism — the  characteristic  of  all  the 
cordillcras  of  the  American  continent. 
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By  this  parallelism  is  meant  an  inclination  of  the  chief  sierras  to  separate  into  collateral  sub- 
sierras  and  side  branches,  Which  again  join  the  main  chain  ;  or  they  are  at  least  connected 
either  by  cross  sierras,  or  even  simple  dykes.  To  this  striking  peculiarity  the  profiles  of  both 
the  northern  and  southern  portions  of  the  western  hemisphere  are  due.  This  mountain 
range  of  Santa  Rosa  presents  another  characteristic,  and  one,  according  to  Alexander  von 
Humboldt,  peculiar  to  the  mountain  system  of  Mexico — it  is,  that  the  volcanic  axes  cross  the 
direction  of  the  Cordilleras  almost  always  at  right  angles.  There  are  many  cross-valloys  on 
the  northeastern  slope,  proving  the  action  of  some  volcanic  disturbance ;  a  valley  some  eight  or 
nine  miles  east  of  Santa  Rosa,  called  "  El  Potrero,"  is  the  most  remarkable  instance.  Several 
mines  are  still  worked  here,  where  the  metalliferous  limestone  is  variously  traversed  by  veins  of 
feldspar  and  limestone  spar ;  this  latter  usually  accompanies  the  silver  ore  and  galena.  In  the 
centre  of  this  ad  de  sac,  a  better  name  for  this  so-called  valley,  can  be  seen  an  ancient  crater, 
the  inner  walls  of  which  are  thickly  coated  over  with  a  lava-like  basalt  of  a  dark  red  hue,  whose 
composition  differs  apparently  but  little  from  that  which  covers  in  layers  (20  or  30  feet  thick) 
the  cretaceous  range  of  hills  joining  the  northeastern  slope  of  the  metalliferous  mountains. 

It  may,  perhaps,  be  of  importance  to  state  that  the  argentiferous  portion  of  the  Sierra  de  Santa 
Rosa  is  not  more  than  ten  or  eleven  miles  in  length,  commencing  at  a  point  called  "  £1  Cederal," 
(the  Cedars,  Cedar  Grove,)  and  terminating  at  a  place,  in  a  northwest  direction,  bearing  the 
name  of  "Los  Kogales,"  (the  Walnuts,  Walnut  Grove.)  The  presence  of  ores,  together  with 
the  trap  or  basaltic  dykes  branching  out  from  the  sierra  at  right  angles,  may  prove  the  suppo- 
sition which  places  here  the  origin  of  the  volcanic  power,  that,  pushing  through  the  fissures  of 
stratified  rocks,  causes  the  dyke  before  alluded  to.  Following  this  dyke  from  Santa  Rosa  up 
towards  the  Rio  Bravo,  it  will  be  found  to  cross  the  valley  of  this  river  in  the  vicinity  of  Elm 
creek,  as  already  stated. 

BASALTIC  HILLS— VOLCANIC  DTK.ES  IN  TEXAS. 

On  the  Texan  side,  the  first  marks  of  volcanic  action  are  to  be  seen  at  the  head  of  Leona  river. 
Here  a  solitary  hill  of  60  to  70  feet  in  height  occurs,  formed  entirely  of  a  dark  green  basalt 
which  is  closely  allied  to  that  of  the  Santa  Rosa  mountains,  and  which  also  contains  much  Iiorn- 
bk'nde  and  oJunne.  In  the  vicinity  of  Fort  Inge,  and  also  near  the  head  of  Las  Moras,  are  sev- 
eral hills  of  the  same  nature ;  also  the  road  from  Leona  to  the  first  crossing  of  Devil's  river 
leads  over  several  places  indicating  volcanic  action. 

The  west  bank  of  the  Rio  Frio,  at  the  crossing,  is  formed  of  a  solid  mass  of  basaltic  rock, 
which  undoubtedly  belongs  to  the  dyke  alluded  to  as  having  its  origin  in  the  Santa  Rosa  moun- 
tain, and  here  crossing  the  cretaceous  formation. 

DR.  ROEMER'8  VIEWS. 

Dr.  Roemer,  in  his  not  yet  translated  work,  entitled  "  Die  Kreidebildungvon  Texas,"  ("  The 
Cretaceous  Formation  of  Texas,")  mentions  (page  8)  that  plutonic  or  volcanic  rocks  were  brought 
to  him  from  between  the  San  Saba  and  Cibolo ;  and  according  to  him,  granite,  together  with 
older  stratified  rock,  is  seen  in  narrow  stripH,  surrounded  with  cretaceous  strata,  between  the 
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San  Saba  and  Pedernale*.  Again,  about  fifteen  miles  dne  north  of  Fredericksburg  isolated 
granitic  rocks  bave  been  met  with,  among  which  is  the  "  Enchanted  rock,"  of  popular  renown. 

Also,  between  the  Llano  and  San  Saba  granite  protrude*  through  cretaceous  strata ;  and  six- 
teen miles  north  of  Fredericksburg  occurs  a  coarse-grained  granite,  consisting  of  flesh-colored 
feldspar,  gray  quartz,  and  some  little  black  mica. 

In  other  places  along  the  Llano  very  finely  grained  varieties  of  granite  have  been  observed. 
Granite,  frequently  interspersed  with  veins  and  fragments  of  a  white  quartz,  also  appears  at 
various  points.  Pieces  of  syenite,  too,  have  been  found  along  several  of  the  tributaries  of  the 
Llano. 

Besides  these  pi  atonic  forms,  trap-like  rocks  also  seem  to  occur  in  many  places  of  the  country 
referred  to  by  Dr.  Boemer.  Again,  this  author  received  from  twenty  miles  to  the  northeast  of 
San  Antonio  de  Bexar  pieces  of  a  black  basaltic  rock,  which  protrudes  in  veins  through  the 
cretaceous  limestone  strata.  In  this  basalt,  a*  component  parts,  arc  many  minute  crystals  of  a 
white  fossil,  (glassy  feldspar  ?)  and  also  a  dark,  olivinish  fossil. 

The  geographical  distribution  of  the  rocks  of  which  Dr.  Boomer  speaks  permits  only  the  con- 
clusion that  all  the  marks  of  plutonic  or  volcanic  formation  must  belong  to  the  same  system, 
which,  traversing  the  upper  limit  of  the  more  recent  cretaceous  strata  in  the  valley  of  the  Bio 
Bravo,  shows  itself  in  the  shape  of  the  low  basaltic  hills  mentioned  as  occurring  at  the  crossing 
of  the  Bio  Frio,  and  at  the  heads  of  the  rivers  Leona  and  Las  Moras. 

There  is  no  doubt  that  this  dyke  continues  its  northeastern  direction,  accompanying  as  an  out- 
lay or  of  the  higher  regions  of  the  Guadalupe  and  Ozark  mountains,  and  thus  probably  crosses 
the  whole  of  Texas,  and  possibly  Arkansas. 

METEORIC  IBON. 

With  regard  to  meteorio  iron,  to  which  Dr.  Boemer  refers  in  connexion  with  the  plutonic 
rocks,  and  of  which  he  mentions  a  large  specimen  now  preserved  in  Tale  College,  we  have  to 
state  that,  besides  magnetic  iron  ore,  which  is  scattered  in  loose  innumerable  pieces  of  every 
shape  and  size  over  the  whole  surface  of  the  cretaceous  basin  of  the  Bio  Bravo,  meteoric  iron  is 
known  to  exist  about  ninety  miles  northwest  of  Santa  Bosa.  An  American  resident  of  this 
town,  Dr.  John  Long,  called  my  attention  to  a  piece  weighing  some  twenty-five  pounds,  which 
was  then  in  the  possession  of  a  Mexican  ;  small  pieces  bad  been  cut  from  it,  and  hammered  out 
without  the  aid  of  firo  into  some  trifling  articles.  It  is  said  that  the  whole  surface  o*f  the  area 
(embracing  about  thirty  acres  of  land)  where  the  deposition  of  this  valuable  mineral  occurs  is 
covered  with  blocks  of  it,  of  greater  or  less  extent,  some  containing  as  much,  and  even  more, 
than  thirty-six  cubic  feet. 

GREEN  SAND  with  LIONETS. 

The  upper  limits  of  that  portion  of  the  cretaceous  basin,  which  consists  chiefly  of  strata  of 
green  sand,  and  the  course  of  the  volcanic  dyke  discussed  above,  seem  rather  to  run  parallel 
than  approach  each  other. 

So  far  as  our  observations  extended,  the  main  portion  of  the  cretaceous  basin,  from  Las  Moras 
to  the  vicinity  of  Beynosa,  forms  a  belt  of  380  to  400  miles  in  width. 
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The  upper  part  of  this  belt  commence*  in  the  vicinity  of  Las  Moras,  and  terminates  some  few 
miles  above  Laredo,  a  distance  of  about  200  miles,  whilst  the  lower  part  begins  where  the  former 
ends,  and  reaches  as  far  as  the  vicinity  of  Reynosa,  showing  a  width  of  about  340  miles.  Both 
of  these  parts  are  distinctly  characterized  by  strata  of  green  sand,  (chloritic  chalk,)  which 
change,  according  to  the  amount  of  oxyde  of  iron  they  contain,  into  variously  tinted  sandstone 
shoals.  The  solidity  of  the  strata  varies  very  much.  They  aro  sometimes  formed  into  very 
solid  rocks,  well  suited  for  mechanical  or  architectural  operations ;  again,  they  consist  of  loose 
and  coarsely-grained  sandstone  slate,  which  rapidly  crumbles  on  exposure  to  the  air.  All  these 
green  sand  strata  are  frequently  intersected  with  layers  of  debris  of  analogous  character. 

In  several  places  whero  these  green  sand  strata  were  disintegrating,  and  being  carried  off  by 
the  action  of  the  waters,  there  was  observed  a  white,  salty  efflorescence,  which  may  possibly  be 
" ammonia."  The  "Rocky  walls"  near  the  mouth  of  the  Arroyo  Oastafio,  which  is  about  40 
miles  below  Eagle  Pass,  and  near  the  Presidio  de  San  Juan  el  BautUta,  are  remarkable  for  this 
efflorescence,  as  also  some  terraces  below  this  point.  The  frequent  occurrence  of  a  certain  cheno- 
podium,  containing  a  large  amount  of  this  salt,  and  often  covering  exclusively  wide  tracts  of 
sandy  bottom-land  along  the  Rio  Bravo,  may  prove  more  conclusively  the  peculiar  elements  of  the 
green  sandstone. 

The  green  sand,  particularly  in  the  upper  belt,  is  often  and  variously  intersected  by  strata  of 
different  nature,  though  certainly  closely  allied  with  the  same  system. 

Strata  of  sandy  or  argillaceous  marls,  or  blue  or  grayish  clay,  all  profusely  impregnated  with 
oxide  of  iron,  and  even  layers  of  corresponding  debris,  often  intersect  the  green  sand  strata. 

The  general  characteristic  of  this  belt  and  its  subdivisions  is  the  strict  horizontality  of  its 
strata  throughout.  It  is  only  here  and  there  that  some  slight  local  disturbance  has  taken  place, 
as,  for  instance,  near  Laredo,  and  again  some- 40  or  50  miles  above,  where  a  dip  of  about  8° 
W.S.E.  and  E.  is  exposed. 

The  following  peculiarities  may  serve  to  characterize  the  two  subdivisions  of  the  green  sand  belt  i 

LIGNITE  OOAI» 

From  Las  Moras  to  the  vicinity,  of  Arroyo  Sombrerettllo,  which  is  about  10  miles  above 
Laredo,  lignite  coal  occurs  quite  frequently.  None  came  under  our  observation  below  this  point ; 
outcrops  of  it,  however,  aro  said  to  be  found  in  the  neighborhood  of  Roma,  some  10  miles  above 
the  mouth  of  the  Rio  San  Juan. 

Though  there  is  not  much  doubt  of  the  existence  of  lignite  below  the  Arroyo  Sombreretillo, 
our  observations  have  led  us  to  the  conclusion  that  it  is  more  sparsely  distributed. 

These  lignites  vary  both  in  appearance  and  quality ;  sometimes  they  are  found  to  be  scaly 
or  slaty,  and  of  a  dull  earthy  fracture,  sometimes  resinous  and  sharply  edged.  Prints,  and 
even  remains,  of  plants,  preserved  in  these  coals,  indicate  vegetable  forms  of  the  higher 
orders,  as  graminete,  (perhaps  reed  and  cane,)  and  even  parts  of  dicotyledonous  trees,  such  as 
willow  or  ash.  Other  specimens  of  coal  from  below  appear  more  amorphous ;  but  it  contains  so 
much  bitumen  as  to  be  of  no  use  in  the  blacksmith's  forge,  where  it  runs  together  and  becomes 
baked  into  a  solid  mass. 

The  localities  remarkable  for  the  most  considerable  deposits  of  lignite  coal  aro  the  following : 

On  both  sides  of  the  mouth  of  Elm  creek,  near  Eagle  Pass,  particularly  on  the  north  bank  of 
this  water-course,  where  layers  from  3  to  4  foot  thick  are  exposed.    On  the  south  bank  of  this 
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creek,  also,  and  quite  near  Eagle  Pass,  several  conspicuous  layers  are  seen.  A  blacksmith, 
once  connected  with  the  garrison  at  Fort  Duncan,  used  this  coal  for  some  time  in  his  shop ;  and 
having  satisfactorily  tested  its  value  as  an  article  of  trade,  went  to  mining  it.  There  was  a 
ready  market  «it  San  Antonio  ;  the  cost  of  the  labor,  however,  in  getting  it  out,  together  with 
tho  great  expense  of  transportation  on  account  of  the  Indians,  put  an  end  to  the  mining  opera- 
tions of  this  enterprising  individual. 

Small  BCftmH  of  coal  appear  also  on  the  Mexican  side  of  the  river,  just  below  the  mouth  of  the 
Escondido,  which  is  two  and  a  half  miles  below  Eagle  Pass. 

Tho  thickest  layers  of  coal  noticed,  however,  are  on  the  slope  of  the  Lizard  hills,  below  the 
deserted  rancho  Palafoz  ;  a  more  bituminous  coal  occurs  hero  in  layers  from  4  to  5  feet  thick. 

According  to  our  experience,  the  finest  and  best  of  all  the  lignite  coal  in  the  valley  of  the 
Rio  Bravo  is  that  which  occurs  in  the  neighborhood  of  Arroyo  Sombreretillo.  This  is  apparently 
the  most  bituminous  observed  on  the  whole  line. 

Ofif  from  the  river,  near  Santa  Rosa,  lignite  coal  was  seen.  Although  its  layers  are  thinner, 
and  its  quality  inferior  to  the  various  deposits  heretofore  alluded  to,  yet  its  relation  to  and  close 
connexion  with  them  hardly  admits  of  a  doubt.  The  layers,  generally  horizontal,  are  here 
thrown  up  almost  vertically  ;  which  position  is  the  natural  consequence  of  their  being  placed 
near  the  basaltic  dyke  frequently  referred  to  before. 

BITUMEN. 

It  is  but  proper  to  mention  here  the  occurrence  of  another  fossil,  not  less  interesting  and 
valuable  than  coal.  This  is  a  sort  of  fossil  resin  or  bitumen,  which  was  met  with  in  loose 
scattered  strings  on  the  slope  of  "  White  Bluffs,"  about  20  miles  below  Eagle  Pass.  Some  few 
and  but  small  specimens  (such  as  could  be  saved)  were  sent  to  Dr.  John  Torrey  for  examination, 
who  found  them  to  be  similar  to  a  substance  which  he  had  received  some  time  previous  from  the 
province  of  New  Brunswick,  and  examined  in  order  to  elucidate  a  law-suit  there  pending.  Can 
it  be  that  the  occurrence  of  this  fossil  in  these  extreme  cretaceous  localities  proves  a  close  rela- 
tionship between  their  respective  strata  ? 

BLUE  00 LITE- LIKE  LIMESTONE 

Other  intermittent  strata  of  the  upper  green  sand  belt  may  also  be  considered  as  characteristics. 
For  instance,  there  appears  frequently  a  blue  coarsely-grained  limestone  of  a  decided  oolitic 
texture,  often  showing  a  somewhat  crystalline  and  sharp  fracture.  This  is  sometimes  alter- 
nately intersected  by  and  covered  with  an  ochre-colored  stratum,  usually  of  a  more  sandy  struc- 
ture. Both  of  these  rocks  abound  in  fossil  shells  of  a  more  recent  cretaceous,  if  not  of  tertiary 
age.  They  cannot,  for  this  reason,  be  pronounced  as  truly  oolitic,  however  much  their  struc- 
ture and  appearance  might  justify  such  a  supposition.  Wherever  this  limestone  occurs,  it 
affords  to  the  inhabitants  tne  material  for  building  their  houses,  and  is  also  burnt  in  kilns  for 
domestic  use.  May  it  possibly  be  identical  with  the  "  Calcaire  grossoir"  of  the  French  ?  Some 
strata  of  this  limestone  show  large  masses  of  a  compound,  consisting  either  of  magnetic  iron 
combined  with  sand  and  marl,  or  clay,  or  an  aggregation  of  the  latter  strongly  impregnated 
with  tho  former. 


Digitized  by  Google 


LOWER  RIO  BRAVO. 


37 


BLUE  CLAY.  I 

Besides  this  limestone,  there  are  strata  of  a  dark  gray,  sometimes  blue,  clay,  which  either 
coyer  or  intersect  the  layers  of  green  sand.  This  clay  is  often  hard  and  rock-like,  forming 
sometimes  extensive  reefs  and  banks,  which  seriously  obstruct  the  navigation  of  the  Rio  Bravo. 
In  other  places,  especially  where  it  is  under  water,  it  is  soft,  and  can  be  moulded  between  the 
fingers  like  plastic  clay,  to  which  it  is  closely  allied,  if  not  identical  with  it.  The  renowned 
rapids  of  the  "Isletas,"  in  the  vicinity  of  the  Mexican  Presidio  San  Juan  El  Bautista,  are 
formed  by  this  clay.  Above  this  place,  some  10  miles,  are  similar  clay  deposits  covered  with 
shoals  of  oyster-breccia  2  feet  thick,  pieces  of  which  were  added  to  our  collection  of  fossil 
specimens. 

A  clay  similar  to  this  usually  accompanies  the  lignite  coal  that  has  been  referred  to  above. 

These  are,  then,  the  characteristics  in  which  the  upper  portion  of  the  green  sand  belt  differs 
from  the  lower,  where  alternating  strata  of  sandier  compounds  prevail,  instead  of  the  argilla- 
ceous, as  in  the  former. 

THE  GREEN  SAND  WITH  FOSSIL  OYSTERS  AND  SHELLS. 

As  the  frequent  occurrence  of  lignite  coal  characterizes  the  upper  belt  of  green  sand,  so  the 
banks  and  shoals  of  fossil  oysters  indicate  the  lower.  • 

These  oysters,  together  with  conglomerated  shoals  of  shells,  seem  to  be  of  an  age  still  later 
tli  an  the  fossils  of  the  cretaceous  period  above  ;  some,  indeed,  would  seem  to  belong  properly  to 
the  tertiary  strata. 

The  lower  portion  of  this  green  sand  belt  appears  generally  as  if  it  were  constituted  a  part  of 
the  eocene  system. 

The  prints  and  remains  of  dicotyledonous  and  monocotyledonous  leaves  and  plants  in  the 
lignite  coal,  with  some  fossil  shells  of  later  age,  led  to  the  conclusion  that  all  such  fossiliferous 
strata  belong  to  the  tertiary  period,  which,  however,  seem  to  have  only  a  local  distribution 
throughout. 

In  this  belt  tertiary  deposits  occur  very  generally,  sometimes  constituting  extensive  tracts  of 
land. 

The  fossil  oysters  and  shells  before  spoken  of  are  of  the  largest  size ;  and  extensive  banks  of 
them  are  seen  at  several  places  along  that  part  of  the  river  embraced  by  the  lower  green  sand- 
stone belt.  Of  these,  we  may  instance  Roma,  the  Island  Las  Ajuntas,  Shady  Blufls,  near  Mier, 
and  a  point  some  25  to  30  miles  above  the  mouth  of  the  San  Juan.  Other  similar  fossils  are 
often  fonnd  at  these  places  covered  with  a  perfectly  chalky-whi**  coat. 

Slate-like  sandstone  often  intersects  the  green  sand,  and  forms  at  a  number  of  points  massive 
walls  of  considerable  extent ;  the  adhesive  quality  of  the  particles  of  this  rock,  however,  is  often 
not  very  persistent.  Its  inside  is  very  soft  and  readily  crumbles,  as  is  shown  sometimes  by  the 
disintegration  of  the  outer  coat. 

SEPTARIAE. 

Another  peculiarity  of  this  lower  belt  is  the  frequent  occurrence  of  a  variety  of  septariae. 
The  highest  place  in  the  valley  where  they  were  seen  (probably  only  as  drift)  was  between  Elm 
CTeek  and  Las  Moras.    Further  down  the  valley,  however,  they  are  more  abundant,  and  just 
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below  the  month  of  Arroyo  Sombreretijlo  they  make  their  appearance  quite  frequently.  Again 
below  this  point  they  are  still  more  plentiful.  On  the  oyster-terraces,  some  forty  miles  below 
Laredo  and  near  the  Rancho  San  Ignacio,  there  is  a  spot  remarkable  for  the  abundance  of  this 
fossil ;  as  are  also  the  following  places:  the  slope  of  "Red  Ridge,"  of  "Shady  Bluffs,"  and 
Septariae  Hills.  Their  most  common  shape  resembles  very  much  a  small,  flat  loaf  of  bread. 
Both  on  the  out  and  inside  large  irregularly-shaped  divisions,  like  cob-webs,  are  to  be  seen, 
which  seem  to  have  been  formed  by  a  net-work  of  veins  composed  perhaps  of  crystals  of  gypsum, 
which  commonly  abounds  here.  This  fossil  is  in  all  probability  to  be  referred  to  ludus  hel- 
montii,  (turtle  stones.) 

The  largest  septariae  of  this  kind  was  seen  at  Laredo,  whither  it  was  brought  from  the 
vicinity  of  the  Arroyo  Sombreretillo.  The  whole  piece,  2  feet  across  and  nearly  1  foot  thick, 
consisted  only  of  the  cob-webbed  part,  showing  cellular  aggregations  of  a  silicious  matter  ;  its 
color  was  pale  yellow. 


«  The  n™.b.heJI  Bluff,"  on  tht  lower  Rio  Bran  del  Nortt,  Teu* 

Fragments  of  similar  septariae,  if  these  latter  deserve  that  name,  were  also  found  in  several 
other  localities  below  Laredo.  Other  aggregations,  septariae-like  in  character,  are  seen  as  balls 
or  nodules  of  various  sizes,  composed  of  a  pale  green  sand  imbedded  in  a  similar  but  more 
brittle  marly  matrix.  Clusters  of  such  balls  abound  under  some  green  sand  bluffs  near  Rancho 
Clarcno ;  from  the  size  of  a  three-pound  cannon  shot  np  to  that  of  the  largest  bombshell — 
sometimes  entire,  sometimes  cracked  in  two.  So  striking  and  peculiar  are  these  rocks,  as  to  be 
justly  entitled  to  the  name  of  "  Bombshell  Bluff,"  with  which  they  were  christened. 
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FOSSIL  BOXE. 

The  lower  portion  of  the  green  sand  belt  reaches  as  far  down  as  the  vicinity  of  Bejnosa, 
which  is  about  200  miles  from  the  Gulf.  Here  the  last  cretaceous  ridge  of  hills  approaches  the 
valley  of  the  Bio  Bravo,  though  no  rocks  are  exposed  on  its  baoki. 

Tertiary  strata  seem,  however,  to  occur  alternately  throughout  the  whole  country.  Many 
bluffs  and  ridges  may  be  referred  to  this  formation ;  for  a  fossil  bone  was  taken  out  of  a  bluff 
near  Camargo,  on  the  Bio  San  Juan,  and  was  in  the  possession  of  a  resident  of  Eagle  Pass,  who 
stated  that  many  such  interesting  remains  of  fossil  fauna  were  to  be  found  in  the  same  and 
similar  localities. 

FOSSIL  WOOD. 

As  to  the  presence  of  tertiary  strata  in  the  valley  of  the  Bio  Bravo,  it  would  be  proper  to  add 
here  another  suggestion  based  upon  the  frequent  occurrence  of  fossil  wood ;  by  a  close  examina- 
tion of  which,  some  throe  or  four  genera  or  species  might  be  classified. 

The  mouth  of  Elm  creek  is  particularly  distinguished  for  the  abundance  of  fossil  wood,  which  is 
usually  found  here  scattered  about  as  if  brought  down  from  some  higher  localities ;  yet  pieces  of 
trunk  and  branch  sometimes  were  so  arranged  as  to  lead  one  to  suppose  that  they  once  belonged 
to  a  tree  on  the  spot,  which  had  just  fallen  to  the  ground.  Not  far  from  this  place,  and  very 
near  the  layers  of  lignite  coal  before  spoken  of  as  lying  adjacent  to  Eagle  Pass,  the  trunk  of  a 
fossil  tree  was  discovered  in  one  of  the  innumerable  ravineB  cutting  the  borders  of  the  Bio  Bravo 
valley,  2J  feet  in  length  by  15  inches  in  diameter.  The  largest  pieces  of  fossil  wood,  however, 
were  noticed  in  the  environs  of  Santa  Rosa ;  it  abounds  especially  at  the  foot  of  the  table-land 
ridges,  running  out  in  a  northerly  direction  from  the  main  ridge  of  the  argentiferous  mountains. 
These  flat  ridges,  called  by  the  inhabitants  "  Las  Mesas"  or  "  Lomas,"  belong  to  the  cretaceous 
system,  and  are  covered  with  strata,  from  20  to  30  feet  thick,  of  basaltic  rook  and  trap  or  basaltic 
tuff. 

So  far  as  could  be  seen  with  the  naked  eye,  there  is  not  much  difference  between  the  texture 
of  this  fossil  wood  and  of  that  near  Eagle  Pass  and  at  other  places  along  the  valley  of  the  Bio 
Bravo.  Most  of  this  fossil  wood  possesses  apparently  the  structure  of  the  palm-wood.  The 
color  of  the  specimens  from  Santa  Rosa,  however,  is  quite  different  from  the  rest.  They  show 
a  dark  reddish  brown,  much  like  the  basalt  in  their  neighborhood,  placed  on  the  top  of  the 
mesas.  It  seems  highly  probable  that  this  wood  may  have  been  at  some  time  in  contact  with 
these  igneous  and  eruptive  rocks,  and  that  this  red  brown  color  was  imparted  to  it  by  a  certain 
proportion  of  oxide  of  iron. 

The  larger  pieces  of  this  fossil  wood  have  been  carried  to  town  to  serve  as  corner-stones. 
Some  of  these  measured  from  3  to  3|  feet  in  length  by  from  12  to  18  inches  in  diameter.  The 
large  size  of  the  Santa  Bosa  specimens,  compared  with  those  found  in  the  valley  of  the  Bio 
Bravo  and  the  surrounding  country,  led  us  to  conclude  that  the  former  were  not  brought  from 
so  great  a  distance  as  the  latter;  in  fact  the  former  could  not  have  originated  far  off,  because 
the  tertiary  strata,  which  are  undoubtedly  their  home,  cannot  be  sought  for  on  the  top  of  the 
Santa  Rosa  mountains,  bordering  as  these  do  the  cretaceous  basin  of  the  Bio  Bravo. 

Whether  all  the  fossil  woods  of  the  various  localities  mentioned  are  endogenous  or  not,  we  are 
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not  prepared  to  state;  though  we  think  It  is  possible  that  some  of  it  may  be  correctly  referred 
to  the  coniferae. 

This  fossil  wood  belongs  to  both  of  the  subdivisions  of  the  green  sand  belt,  and  may  be 
ascribed  to  them  as  a  geological  characteristic;  it  occurs  more  frequently,  however,  in  the 
upper  portion.  It  is  not  only  to  be  found  in  low  places,  in  the  bottom,  and  on  the  borders  of 
valleys,  but  also  in  the  midst  of  the  elevated  and  vast  prairies  that  stretch  from  one  water- 
course to  another.  It  here  lies  scattered  broadcast  among  the  pebbles  of  the  diluvial  drift  that 
covers  all  the  plains  and  slopes. 

PHYSICAL  FEATURES  OF  THE  COUNTRY. 

The  section  of  country  embraced  by  the  green  sand  belt,  though  somewhat  similar  in  its 
outlines  to  the  table-lands  of  the  cretaceous  limestone  above,  presents  a  more  gently  undu- 
lating surface.  Although  the  upper  side  of  this  belt  shows  the  horizontal  stratification  of  the 
cretaceous  system,  yet,  being  interspersed  with  ranges  of  hills  and  ridges  of  a  later  age,  (and 
even  of  tertiary  origin,)  the  land  as  a  consequence  becomes  more  rolling.  The  substrata  of 
limestone  which  constitute  the  beds  of  the  clear  water  streams  between  Las  Moras  and  San 
Felipe  being  placed  much  deeper  in  the  lower  country,  and  probably  out  of  contact  with  the 
subterranean  strata  of  metamorphic  rocks  belonging  to  the  volcanic  dyke  of  the  country,  may 
account  for  the  general  dryness  of  the  green  sand  region  ;  for  this  seems  to  bo  entirely  deprived 
of  running  streams,  as  elsewhere  stated. 

The  dry  water-courses,  sometimes  cut  from  50  to  80  feet  deep,  show  only  at  distant  intervals 
pools  or  ponds.  These  reservoirs  contain  a  dirty,  green,  brackish  water,  on  which  man  with 
the  wild  and  domestic  animals  alike  have  to  depend.  This  water  benefits  but  little  the  sur- 
rounding soil,  which  affords  at  most  only  a  scant  vegetation.  Narrow  and  limited  strips  only, 
bordering  on  the  immediate  edges  of  these  ponds,  flourish  with  the  vegetation  of  a  well  watered 
soil.  These  water-holes,  though,  bad  as  they  are,  are  real  oases  in  this  desert  region,  and 
afford  the  only  meeting  places  of  animal  life;  here,  the  white  man,  a  traveller,  and  for  the  most 
part  peaceable  in  his  pursuits,  the  Indian,  more  or  less  hostile  to  civilization  and  humanity,  and 
the  herd-driving,  half-breed  Mexican,  seek  this  indispensable  gift  of  nature. 

Such  places  are  easily  recognized,  even  at  a  considerable  distance,  by  the  presence  of  numerous 
and  various  flocks  of  birds,  and  a  nearer  approach  shows  them  to  be  marked  with  a  denser 
growth  of  trees,  shrubs,  and  weeds.    They  constitute  a  distinct  characteristic*  of  these  regions. 

Between  the  densely  covered  borders  of  these  watering  places  and  the  bare  slopes  and  arid 
heights,  dells,  basins,  and  all  other  varied  depressions,  almost  always  exhibit  a  more  luxuriant 
state  of  vegetable  life.  This  condition  may  be  explained  in  part  by  the  increased  hygrometric 
capacity  of  the  atmosphere,  however  little  moisture  may  be  deposited.  Here,  also,  the  rain- 
water sweeps  together  the  more  fertile  particles  of  the  soil,  which,  possessing  a  great  deal  of 
moisture,  comparatively,  causes  vegetation  to  spring  forth.  In  this  same  belt  of  country,  on  the 
Mexican  side  of  the  river,  there  are  more  running  streams  than  on  the  Texan  side ;  and  for  the 
reason  that  the  conditions  on  which  their  origin  and  existence  depend,  are  less  distant,  as  will 
be  made  evident  from  what  follows. 
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Sierras  or  mountain  ranges,  formed  of  igneous  and  metamorphic  stratified  and  unstratifled 
rocks  border,  on  the  Mexican  side,  the  cretaceous  basin  of  the  Rio  Bravo.  To  these  that  side  of 
the  river  is  indebted  for  running  water  in  the  shape  of  several  large,  clear-water  streams. 
Where  there  is  hardly  one  running  stream  on  the  Texan  side,  on  the  Mexican  are  six,  which 
carry  no  inconsiderable  quantity  of  water  in  the  Rio  Bravo. 

Besides  the  small  streams,  very  changeable  in  their  supply  of  water,  the  following  are  re- 
markable for  their  constant  flow : 

Escondido,  near  the  head  of  which  is  situated  the  town  of  San  Fernando,  has  its  mouth  about 
three  miles  below  Eagle  Pass. 

Las  Cavezeras,  heading  in  the  immediate  vicinity  of  the  Escondido,  with  the  little  town  of 
Ban  Juan  de  Allende  and  Nava  near  its  source,  empties  some  thirty  miles  above  the  destroyed 
rancho  Palafox. 

The  Salado,  carrying  what  may  be  considered  here  a  large  body  of  water,  which  is  supplied 
by  several  large  branches  from  near  Santo  Rosa,  (Sabine,  Alamo,  and  others,)  commingles  its 
waters  with  the  Rio  Bravo  some  eight  miles  below  Guerrero,  and  nearly  opposite  Redmond's 
rancho: 

Alamo,  having  its  source  in,  and  bringing  its  waters  down  from,  a  more  southern  portion 
of  the  Mexican  Sierra,  falls'into  the  Rio  Bravo  near  Mier. 

The  San  Juan,  gathering  its  waters  in  still  more  southern  portions  of  the  Sierras  which  form 
the  highlands  of  the  States  of  Coahuila  and  Nueva  Leon,  empties  just  below  Camargo. 

There  is  almost  no  running  water  on  the  Texan  side  from  the  beginning  of  the  green  sand 
belt  down  to  the  mouth  of  the  Rio  Bravo,  if  we  except  some  few  sluggish,  half-underground, 
trickling  creeks.  If  it  were  not,  however,  for  their  subterranean  course,  which  prevents  entire 
evaporation,  this  region  would  be  wholly  destitute  of  water. 

The  state  of  water  near  the  mouth  of  these  creeks  is  always  affected  by  the  rise  or  fall  of 
the  river,  and  also  by  the  hygrometric  precipitation  of  the  atmosphere,  however  small  quantities 
this  latter  may  contribute. 

These  peculiar  water-courses  form  a  characteristic  feature  of  the  country  through  which  they 
run  ;  and  their  thorough  knowledge  gives  advantages  to  the  natives,  by  which  they  elude  the 
pursuit  of  the  white  man,  and  render  his  efforts  of  no  avail. 

THE  ELANDS. 

Another  peculiarity  of  the  portion  of  the  Rio  Bravo  that  winds  through  these  cretaceous 
regions  is  the  frequent  occurrence  of  islands,  various  in  size  and  appearance. 

Whilst  in  the  upper  part  of  this  cretaceous  main  the  size  of  the  islands  is  reduced  to  that  of 
mere  bars  and  reefs,  (bare,  or  covered  with  rush  and  cane,)  further  below  their  absolute  height 
above  the  water  increases,  and  consequently  the  number  of  vegetable  forma  growing  upon  them. 

As  nearly  all  the  islands  arc  formed  by  alluvial  deposits  on  stratified  rocks,  the  layers  of 
which  they  are  composed  assume  or  are  arranged  in  a  Btrictly  horizontal  position.  As  a  matter 
of  course,  therefore,  the  down-river  end  usually  rises  high  above  the  water,  while  the  up-river 
end  always  appears  partially  covered  with  muddy  and  gravelly  deposits  and  driftwood  and  the 
like  that  the  river  is  continually  carrying  down. 
6M 
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Above,  the  islands  are  only  mere  banks  or  mud-ban,  brought  in  by  the  tributaries  and  de- 
posited according  to  the  action  of  the  currents  of  the  river.  Whore  the  current  is  rapid  and  the 
courso  of  the  tributary  is  short,  as  is  the  case  between  the  Las  Moras  and  San  Pedro,  islands  are 
not  formed  in  the  middle  of  the  river ;  here  they  occur  only  as  long  narrow  stripes  of  half  im- 
mersed bars  and  banks  below  or  above  the  mouth  of  the  tributary  that  causes  them.  Sometimes 
the  force  of  the  river  keeps  back  the  deposit,  aud  causes  the  formation  of  the  island  within  the 
mouth  of  the  tributary  ;  such  a  case  is  presented  at  the  mouth  of  the  Arroyo  "Piedras  Pintas." 

Where  the  water  is  sluggish  in  the  river  and  a  strong  current  in  the  tributary,  the  islands 
are  pushed  further  out  from  the  mouth  of  the  latter. 

Islands,  rising  to  the  height  of  the  alluvial  banks  of  the  river,  20  to  30  feet  above  the  water, 
do  not  occur  above  Eagle  Pass. 

Cazneau's  Island,  named  in  honor  of  an  American  gentleman  who  resided  in  this  vicinity  for 
several  years  and  cultivated  it  to  some  extent,  is  the  first  that  is  situated  above  the  common 
high-water  marks  Such,  however,  are  rare  between  Eagle  Pass  and  Laredo,  and  it  is  not  until 
reaching  a  point  some  ten  miles  above  the  latter  place  that  another  island  occurs  which  would 
be  worthy  of  consideration  for  agricultural  purposes. 

Below  Laredo,  the  first  island  of  this  kind  is  "Isla  de  los  Rancberos."  With  this  com- 
mences a  series  of  about  twelve,  which  the  Mexicans  cultivate,  raising  corn,  tobacco,  melons, 
pumpkins,  and  other  produce  for  domestic  use. 

To  facilitate  the  identification  of  these  islands,  the  following  names  were  given  to  them  in  the 
topography  of  the  survey :  Mustang  Island,  Belvidere,  Maj.  Brown  Island,  Carriso,  Melon, 
Green  Tassel,  Patriarch,  Cypress,  Island  of  Last  Rocks,  lsla  Los  Ajuntas,  Beaver,  Sabine,  and 
Green  Key ;  the  latter  one  being  only  a  narrow  fiat  strip,  subject  to  inundations,  ought  rather 
to  be  classified  with  the  islands  of  the  upper  region. 

Among  the  islands  here  mentioned,  Los  Ajuntas,  near  Mier,  is,  in  consequence  of  its  size  and 
fertility,  the  most  valuable.  It  is  also  the  largest  one  of  all,  being  2$  miles  in  length  by 
almost  I  of  a  mile  wide  ;  its  upper  part  is  heavily  timbered,  whilst  its  lower  is  open,  and  con- 
stantly under  cultivation.  ■ 

At  the  mouth  of  the  Salado,  and  thence  downward,  the  shore  and  banks  of  the  Rio  Bravo 
are  of  a  Bofter  character ;  the  former  is  more  muddy  and  sometimes  miry,  while  the  latter, 
disintegrating  and  washing  down,  lay  the  foundation  for,  and  causes  an  increased  growth  of, 
vegetation.  The  soft  soil,  with  the  luxuriant  undergrowth,  added  much  to  the  labors  of  our 
surveying  party. 

At  the  Island  of  the  Last  Rocks,  shoals  and  reefs,  obstructing  the  navigation,  make  their  ap- 
pearance for  the  last  time  in  the  bed  of  the  river,  though  rocks  are  still  seen  on  both  sides  along 
the  shore.  If  rocks  do  appear  in  the  bed  of  the  river  further  down,  no  danger  is  to  be  appre- 
hended from  them  because  of  their  depth  below  the  surface. 

The  lower  part  of  the  green  sand  belt  undergoes  stiil  another  change  in  its  external  appear- 
ance ;  this  is  quite  perceptible  at  the  mouth  of  the  Rio  Salado,  and  downwards  continuously  from 
that  point.  The  frequent  occurrence  of  oyster  banks  and  shoals,  together  with  the  external 
appearance  of  the  strata,  seem  to  verify  the  inference  that  the  regions  here  and  below  are  of  a 
still  later  age  than  the  green  sandstone  belt. 

The  Rio  Alamo  seems  also  to  indicate  a  distinct  line  in  the  geological  features  of  the  country. 
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Besides  the  presence  of  extensive  fossil  oyster-banks  in  its  vicinity,  there  is  below  its  month,  on 
the  Mexican  side,  a  most  ragged  and  naked  spot,  which  presents  the  appearance  of  having  just 
been  torn  to  pieces  by  some  destructive  freak  of  nature.  The  scone  of  this  apparent  catastrophe 
now  constitutes  a  wide  flat  basin,  which  is  arid  and  literally  cut  up  in  every  direction  by  ravines 
and  rills.  On  the  borders  of  these  ravines,  which  run  to  a  common  centre  and  form  a  pool  of 
water  known  as  the  "Sulphur  Spring,"  are  to  be  found  a  sulphur-colored  earth,  probably 
alumn  and  sulphur.  The  mineral  water  of  this  spring  just  now  under  examination  tastes 
strongly  of  sulphurated  hydrogen  "gas,  and  after  standing  for  some  hours  in  a  vessel,  collects  a 
black  deposit  on  the  bottom.  This  water  is  celebrated  in  the  country  around  for  its  medicinal 
properties.  When  the  American  army  was  camped  near  here  during  the  Mexican  war,  it  was 
much  used  ou  the  recommendation  of  the  surgeons.  • 

Here,  within  a  distance  of  about  2}  miles,  several  water-courses  empty  into  the  Rio  Bravo, 
and  form  by  their  deposits  a  large  island,  which,  as  a  result  of  this  united  action,  was  named 
"  Los  Ajuntas ;"  besides  the  Alamo,  already  mentioned,  these  tributaries  are  the  Sulphur 
Spring,  the  Saladito,  and  Arroyo  Hondo. 

THE  FLORA. 

The  flora  of  both  the  green  sand  belts  show,  as  to  the  number  of  genera  and  species,  various 
additions,  and  a  more  luxuriant  development  when  compared  with  the  vegetable  life  of  the 
regions  above. 

As  instances,  the  Huisache  and  Guaxillo,  and  other  plants,  all  of  the  Mimosa  family,  grow- 
ing above  only  as  arborescent*,  gradually  rise  in  these  belts,  and  further  down  in  the  valley,  to 
the  size  of  conspicuous  trees,  often  forming  dense  copses  in  the  old  beds  and  on  the  banks  of  the 
river.  Of  the  several  genera  added,  especially  noticeable,  are  the  Coma  tree,  the  Nacavites,  the 
Anacua,  and  Sabina ;  the  latter  two  seem  to  have  been  brought  in  by  the  Rio  Salado. 

The  appearance  of  the  Cypress  (Taxodium)  Sabina  of  the  Mexicans  makes  quite  a  striking 
change  in  tho  physiognomy  of  »the  country.  This  water  and  rock-loving  tree  often  appears 
right  in  the  middle  of  the  swiftest  currents  of  the  river,  where  having  taken  hold  of  some  rocks 
on  the  bottom,  it  boldly  defies  the  force  and  action  of  the  water.  These  cypresses  on  the  Rio 
Bravo,  commencing  at  the  month  of  the  Salado,  extend  as  far  down  as  Beaver  Islands,  just 
below  Roma,  where  they  make  their  last  appearance  in  the  channel  on  the  Mexican  side,  footing 
in  water  from  14  to  16  feet  in  depth. 

THE  COLLUVIAL  BELT. 

After  passing  the  lower  green  sand  belt,  (geographically  speaking,)  which  has  its  lowest 
limits  in  the  vicinity  of  Reynosa,  as  already  stated,  the  colluvial  commences  and  extends  down 
to  the  coast.  Under  the  term  " colluvial"  we  include  both  the  diluvial  and  alluvial  deposits ; 
these  are  irregularly  and  somewhat  alternately  arranged — the  result  of  the  oscillatory  action  of 
the  salt  waters  from  the  sea-aide,  and  the  antagonistic  and  downward  force  of  the  fresh  waters. 

It  is  on  account  of  this  irregular  distribution  that  the  colluvial  belt  cannot  be  properly  sub- 
divided into  a  diluvial  and  an  alluvial,  portion.  Topography  and,  in  some  degree,  botany,  may, 
however,  aid  in  examining,  in  its  subdivisions,  this  lowest  belt  of  the  cretaceous  basin  of  the  Rio 
Bravo. 
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From  Reynosa  to  the  Raacho  Lomita,  18  miles  above  the  mouth  of  the  river,  the  surface  of 
the  country  is  of  a  gently  undulating  character,  which  is  accounted  for  in  the  fact  that  the  ©al- 
luvial deposit*  rest  upon  underlying  cretaceous  strata,  which  become  deeper  and  deeper  as  the 
coast  is  approached.  The  river  is  now  more  serpentine  in  its  course,  and  at  almost  every  one 
of  its  numerous  bends  may  be  Been  a  lagoon,  pond,  or  pool,  in  which  thousands  of  water-fowl 
collect  and  feed.  There  is  little  or  no  tendency  in  the  river  to  form  islands  towards  its  mouth, 
where  it  becomes  narrower ;  its  bed,  however,  is  always  undergoing  constant  and  rapid  changes. 
No  bend,  under  the  capricious  action  of  eddies  and  whirlpools,  retains  its  form  for  more  than  a 

We  noticed  at  several  points,  where  a  new  bed  had.  been  formed  a  short  time  before,  that 
there  was  scarcely  any  perceptible  difRrenoe  in  the  strength  of  the  two  channels,  the  river 
taking  its  course  through  both  with  equal  force  and  volume.  The  boatmen  not  unfrequently 
found  themselves  in  a  sort  of  "  steering  dilemma"  at  such  places,  not  knowing  which  was  the 
channel.  The  outlet  of  the  old  bed,  or  its  junction  with  the  new,  presented  quite  another 
aspect,  and  certainly  not  inviting  entrance  to  those  who  come  up. 

It  is  in  this  region  that  the  vegetation  of  the  Bio  Bravo  displays  its  highest  and  most  lux- 
uriant development. 

All  the  bottom-land,  not  under  cultivation  and  not  subject  to  the  action  of  the  water,  is 
covered  with  dense  thickets,  almost  wholly  impenetrable,  composed,  as  they  are,  of  ,lofty  trees 
as  well  as  of  smaller  undergrowth,  and  of  a  great  variety  of  creepers  and  vines,  springing  up 
from  every  spot  not  otherwise  occupied,  and  filling  up  all  the  open  and  shady  spaces,  from  the 
foot  to  the  topmost  branch  of  every  tree  and  bush.  It  is  also  in  the  lower  portion  of  this  belt 
(where  the  Palm  tribe  is  represented  by  the  Chamaerops  Palmetto)  that  the  Palmetto  attains  a 
growth  as  gorgeous  even  as  that  on  the  Lower  Mississippi ;  it  extends  on  the  Bio  Bravo  up  to 
about  80  miles  from  the  Gulf.  In  addition  to  the  Palmetto  common  to  the  lower  portions  of 
these  two  great  rivers,  the  constant  appearance  of  a  Tillandsia  (Spanish  moss)  depending  from 
the  branches  of  the  trees  in  long  clusters  increases  the  similarity  jof  their  scenery.  Whilst  the 
existence  of  this  moss  proves  a  higher  degree  of  atmospheric  moisture  here  than  in  the  country 
above,  the  occurrence  of  the  Palmetto  may  indicate  the  vicinity  of  the  sea. 

There  would,  perhaps,  be  no  mistake  in  placing  the  limits  of  the  maritime  belt  where  the 
growth  of  the  Palmetto  ceases,  particularly  if  we  take  into  consideration  the  fact  that  several 
salt-water  loving  plants  keep  company  with  this  representative  of  the  Palms.  The  real  coast 
belt,  however,  in  the  true  sense  of  the  word,  may  be  placed  with  more  propriety  in  the  vicinity 
of  the  Bancho  Lomita,  18  miles  above  the  mouth  of  the  river. 

THE  COAST. 

Lomita,  the  diminutive  of  Loma,  a  long,  somewhat  flat  hill  or  ridge,  forms  one  of  the  last 
topographical  monuments  on  the  Bio  Bravo.  These  consist  of  a  low  ridge  of  calcareous  clay, 
bare  and  almost  entirely  deprived  of  any  vegetation  whatever.  The  ridge  on  which  the  town 
of  Lomita  is  situated,  like  several  others  below,  shows  marks  of  being  continually  under  the 
destructive  action  of  the  tide  of  the  sea  and  flood  of  the  river  which  meet  here. 

From  Lomita  down  the  land  shows  the  real  character  of  the  Beacoast,  the  vegetation  decreasing 
gradually  towards  the  mouth  of  the  river.    Most  of  the  trees  here  yield  the  field  almost  solely 
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to  aome  few  members  of  the  Mimosa  family,  of  which  latter  the  Huisache  maintains  its  place 
nearly  down  to  the  tidal  Band-banks  of  the  gulf. 

Lagoons,  old  river  beds,  ponds,  swamps,  pools,  bayous,  and  other  similar  phenomena  now 
constitute  the  lowest  belt.  Here  the  deceptive  mirage  constantly  bounds  the  distant  horizon, 
and  the  scenery,  under  its  influence,  presents  to  the  mind  but  a  chaotic  dream  still  hovering 
over  the  land — a  twilight  gift  of  creation. 

Besides  the  regularly  occurring  ebb  and  flow  of  the  tide,  which  was  observed  at  Hanoho 
Lomita  varying  from  about  four  to  six  inches,  the  fauna  of  the  water  indicate  that  the  maritime 
belt  has  its  upper  limits  in  this  vicinity.  Borne  little  distance  below  Lomita  a  two-valved  shell 
and  a  decapoda,  the  camaron  of  the  Mexicans,  announce  the  proximity  of  the  sea.  Both  of 
these  animal  forms  seem  to  go  up  as  high  through  the  •alluvial  deposit  as  the  tide  affects  the 
river. 

ALLUVIAL  DEVELOPMENT. 

There  is  another  portion  of  this  lowest  and  most  recent  formation  which,  still  under  the  con- 
tinual action  of  both  salt  and  fresh  water,  might  be  considered  only  as  a  rudimentary  develop- 
ment of  the  alluvial  belt  along  the  coast.  Not  having  yet  risen  above  the  level  of  the  water, 
.  it  is  called,  in  the  language  of  the  sailors  and  pilots,  the  "  bar."  Such  a  place  affords  a  home 
only  for  the  various  marine  crustaceas,  and  the  meeting  ground  of  the  sea-fowls,  the  wreckers  of 
the  population  of  the  air. 

In  regard  to  the  topographical  features  of  the  coast,  it  may  be  completely  characterized 
by  the  statement  that  it  consists  partly  of  the  fragments  of  the  solid  parte  of  marine  ani- 
mals, partly  of  entire  or  decomposed  vegetable  forms,  partly  of  deposits  of  inorganic  matter,  and  . 
partly  also  of  fragments  of  animals,  vegetable  matter,  and  other  material  brought  down  by  the 
river.  Washed  off  and  brought  back  again  by  the  varied  motions  of  the  waves— sometimes 
united,  sometimes  antagonistic— as  a  matter  of  course  this  adjunct  of  the  colluvial  belt  is  always 
undergoing  a  change.  This  is,  however,  strictly  regulated  by  the  varying  amount  of  power 
exercised  on  the  one  hand  by  the  irresistible  waves,  and  on  the  other  hand  at  times  by  the  no 
less  forcible  flood  of  fresh  water.  Agents  of  the  sea  are  atmospheric  currents  and  ebb  and  flow 
of  tide ;  antagonistic  to  these  oscillatory  movements  are  the  forces  of  the  river,  influenced  by 
the  hygrometric  conditions  of  the  air  and  the  hyetographic  state  of  the  seasons  in  the  country 
above  and  along  the  river. 

The  bar,  though  a  mere  toy  under  the  action  of  the  forces  just  mentioned,  is  not  to  be  over- 
looked, for  it  is  a  constantly  increasing  piece  of  land  not  yet  left  by  the  working  hand  of  creating 
nature,  and  therefore  a  matter  for  observation  of  much  interest. 

The  muddy  sheet  of  river  water  covers  the  whole  view  seaward  before  its  mouth,  when  there 
is  not  any  wind  or  current  setting  against  the  natural  flow  of  fresh  water ;  but  if  south  or  north 
winds  are  prevailing,  the  muddy  tribute  of  the  Bio  Bravo,  instead  of  spreading  out  into  the  open 
sea,  and  commingling  there  undisturbed -with  the  salt  waters,  is  checked  ond  pressed  aside  as  a 
long  narrow  strip  along  the  beach  in  the  direction  that  the  wind  sets  the  current. 

Considering  these  circumstances,  it  is  therefore  clear  that  the  place  of  deposits,  both  of  the 
sea  and  river,  gathering  about  the  mouth  are  kept  in  a  continual  and  also  somewhat  regular 
motion. 
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Among  the  regular  changes  to  which  the  bar  is  subject,  the  most  important  is  that  caused  by 
the  annual  rising  of  the  river,  which  occurs  during  the  months  of  July,  August,  and  September. 
By  means  of  this  increased  fresh-water  power  the  deposits  are  carried  and  kept  further  out  at 
sea,  perhaps  as  much  as  a  mile  from  the  mouth.  During  the  rest  of  the  year  the  bar  again 
approaches  the  beach ;  the  oscillatory  action  of  the  salt  water  prevailing  for  this  time,  it  is 
scarcely  half  a  mile  off  the  mouth  of  the  river.  The  hydrographies!  distances  between  the  bar 
and  the  mouth  may  be  found  on  map  No.  1,  in  the  archives  of  the  Department  of  the  Interior. 

Besides  these  regular  changes,  others  occur  monthly  and  daily  that  depend  on  the  prevailing 
winds  from  the  seaside,  or  meteorologic  influences  of  the  country  above,  not  including  many 
accidental  occurrences  which  usually  escape  the  scrutiny  of  the  common  observers.  Of  the  latter 
kind  are  the  depositions  of  drift-wood,  «r  even  wrecks  and  pieces  of  timber,  which,  after  being 
washed  ashore  and  left  for  awhile,  are  apt  to  form  the  foundation  of  a  small  bank  or  bar.  Other 
more  perceptible  causes  are  seen  in  the  stormy  weather  raging  upon  the  sea  and  in  the  hurricanes 
on  land. 

These  agencies,  incessantly  at  work,  all  tend  to  one  result,  no  matter  how  different  their  form 
of  action  may  be,  that  is,  addition  to  the  land.    The  ebb  and  now  of  the  tide,  the  current  of  the 
river  and  uea,  though  often  acting  in  opposite  directions,  only  collect  and  again  distribute  the 
various  material  brought  together  by  both  fresh  and  salt  water  along  the  "beach,  where  is  pre-  . 
sented  by  these  gradual  accessions  the  now  forming  and  youngest  portion  of  the  continent. 

The  operations  of  all  these  forces  may  be  altered  or  varied  by  extraordinary  influences  that 
may  occur  at  any  time,  as  they  have  done  in  ages  past,  such  as  the  change  of  river  beds  in  the 
alluvial  regions,  the  closing  of  the  mouths  of  the  river,  and  the  opening  of  other  outlets. 

There  is  not  much  doubt  that  the  Rio  Bravo  once  had  its  main  mouth  far  from  its  present 
locality,  no  matter  how  powerful  the  descent  of  its  waters  to  the  sea  must  have  been  in  all  time. 

Boca  Ohica,  as  its  name  implies,  may  be  considered,  without  question,  as  one  of  the  outlets  of 
the  Rio  Bravo,  which  has  thus  contributed  to  the  formation  of  Brasos  Santiago  and  Point  Isabel. 

The  currents  over  the  bar  of  Brazos  Santiago  pour  in  a  channel  of  such  force  againBt  the  tide 
as  to"  corroborate  the  inference  that  a  still  greater  fresh  water  flow  than  that  of  the  Arroyo  Colo- 
rado, some  25  miles  to  tho  north,  comes  into  this  bay.  A  glance  at  the  course  of  the  lowest 
portion  of  the  Rio  Bravo  leads  to  a  similar  conclusion,  for  it  has  a  decided  inclination  to  the 
northeast  after  reaching  the  lowest  portion  of  the  colluvial  belt. 

It  may  be  that  the  persons  who  attempted  several  years  ago  to  dig  a  canal  from  the  third 
bend  (above  its  mouth)  of  the  river,  towards  Boca  Chica,  or  Brazos  Santiago,  may  have  had 
similar  ideas  on  this  subject. 

We  have  thus  dwelt  almost  two  long  on  the  formation  of  the  bar  ;  but  however  inconsiderable 
this  matter  may  appear,  it  is  still  highly  important  to  know  the  agents  by  which  restless  nature 
is  achieving  its  work,  the  more  so  as  the  very  same  powers,  now  augmenting  the  land  from  the 
seaside,  have,  in  all  human  probability,  been  contributing  to  this  end  for  ages.  It  really  seems 
beyond  question  that  these  oscillatory  motions  or  the  waters  with  the  sweep  of  the  gulf  stream 
have  deposited  during  the  various  ages  of  the  cretaceous  and  perhaps  tertiary  sea  that  sediment 
along  the  foot  of  the  bold  Sierras,  which  at  the  present  day  form  the  western  and  northern  limits 
of  the  now  cretaceous  basin  of  the  lower  Rio  Bravo.. 

Taking  also  into  consideration  the  parallelism  of  the  easternmost  of  the  Sierras  of  Mexico  and 
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the  sinuosities  of  the  Gulf  Coast,  there  cannot  be  any  mistake  as  to  the  relation  of  the  one  to  the 
other.  The  various  cretaceous  terraces  of  the  lower  Rio  Bravo  basin,  placed,  as  they  are,  one 
above  the  other,  appear  in  this  position  as  so  many  antediluvial  tide-marks  of  that  vast  sea ;  on 
the  bottom  of  which  secondary  and  also  tertiary  formations  have  been  deposited,  together  with 
all  those  fossil  types  of  organic  forms— each  genns  and  species  belonging  to  its  respective 
geological  day. 

Like  the  tide-marks  that'  are  arranged  in  large  concentric  circles,  and  that  have  been  brought 
about  by  the  oscillatory  motions  of  the  waters,  the  organic  remains  (leaves  in  the  mighty  book 
of  the  history  of  creation)  can  tell  each  one  a  tale  of  the  physiographic  condition  of  the  ago 
during  which  it  rejoiced  in  the  functions  of  life. 

Whilst  the  currents  and  other  forces  of  the  water,  acting  horizontally,  placed  the  different 
strata  along  the  foot  of  the  ancient  coast  of  that  secondary  sea,  a  vertical  force  was  needed  to 
bring  the  submarine  strata  above  the  level  of  the  water.  If  thore  were  no  signs  of  such  a 
power,  wo  could  be  content  in  believing  that  since  the  formation  of  the  submarine  strata  the 
salt  water  has  receded.  There  is  evidence,  however,  that  does  not  admit  any  question  of  the 
upheaval  of  the  country.  The  volcanic  dyke  before  spoken  of  is  the  strongest  evidence  in  favor 
of  this  conclusion ;  these  basaltic  strata  projecting  through  the  cretaceous,  and  generally,  also, 
a  part  of  the  older  secondary  formation,  have  caused  a  rise  in  the  whole  of  the  cretaceous  system. 
Thus  the  peaks  and  branches  of  this  dyke  naturally  became  the  caryattda  of  the  great  geological 
edifice  of  this  country,  often  bearing  detached  portions  of  the  cretaceous  strata  far  above  their 
general  level. 

GENERAL  VIEW  OP  ORGANIC  REMAINS- 

Wit  h  regard  to  the  fossil  remains  of  the  regions  of  the  lower  Bio  Bravo,  which  have  come  to 
onr  knowledge,  there  are  many  among  them  common  to  the  cretaceous  formation  of  New  Jersey. 
With  this  locality  they  are  also  quite  synchronous,  according  to  Mr.  Conrad,  who  has  examined 
them.  The  specimens  of  this  character  are  mentioned  in  his  enumeration  of  genera  and  species. 
Many  of  these  fossil  remains,  however,  seem  to  belong  solely  to  the  cretaceous  formation  of 
Texas,  and  are  more  particularly  referable  to  the  southern  portion  of  the  secondary  strata, 
which,  on  their  part,  are  also  nearly  allied  to  analogous  forms  of  the  cretaceous  formation  of 
southern  Europe,  especially  that  part  lying  about  the  Mediterranean. 

To  go  here  more  into  the  details  of  this  supposed  relationship  between  the  southern  and 
northern  cretaceous  formations  of  both  hemispheres  is  not  the  design  of  these  pages.  To  such 
of  our  readers,  therefore,  that  may  be  desirous  of  examining  this  matter  further,*  we  would  refer 
them  to  Dr.  Boemer's  work,  already  mentioned,  which  contains  well-founded  hints  and  proofs 
on  the  subject. 

Besides  the  before  mentioned  interesting  specimens,  so  important  to  the  knowledge  of  the 
general  distribution  of  fossil  forms,  several  new  species  have  come  to  hand  which  seem  to  be 
.  indigenous  to  the  cretaceous  formation  of  Western  Texas.  The  enumeration  by  Mr.  Conrad  shows, 
so  far,  six  new  species.  Since  then,  however,  another  set  of  organic  remains  has  been  sent  on  for 
examination  ;  and  it  seems  to  be  not  improbable  that  still  other  new  forms  may  be  met  with  in 
this  collection  of  ours,  the  seoond  made  on  the  lower  Bio  Bravo.  It  is  probable  that  some  of 
the  specimens  of  this  last  set  will  prove  the  prevalence  of  fossils  of  the  tertiary  system,  which  may 

*  For  a  full  exposition  of  this  •abject,  tee  Dr.  Ilall'i  report,  which  conclude!  the  Geology  of  the  Boundary. 
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be  more  developed  in  the  lower  portion  of  the  lower  green  Band  belt.  This,  however,  is  a  mere 
suggestion  to  point  only  to  the  regions  where  data  may  be  sought  for  ;  by  means  of  which  the 
distribution  and  limit*  of  an  eocene,  and,  perhaps,  even  pleistocene  formation  could  be  recog- 
nized. 

We  bad  not  the  opportunity  to  make  tuoh  an  investigation.  It  therefore  devolves  on  nome 
other  person  to  continue  the  researches  necessary  to  a  complete  understanding  of  the  subject, 
and  to  the  advancement  of  science  in  general. 
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CHAPTER  III. 


GEOLOGICAL  FEATURES  OF  THE  RIO  GRANDE  VALLEY  FROM  EL  PASO  TO 

THE  MOUTH  OF  THE  PECOS  RIVER. 

Br  C.  C.  FABRY. 


Having  completed  our  general  sketch  of  the  external  feature*  of  the  country,  as  represented  on 
the  line  of  route  in  nearest  connexion  with  the  United  States  and  Mexican  Boundary  Surrey,  we 
now  retrace  our  steps,  to  detail  more  particularly  the  course  of  the  Rio  Grande,  especially  in  its 
connexion  with  the  extensive  cations  hy  which  its  course  is  marked,  above  and  below  Presidio 
del  Norte.  In  these  we  gain  insight  into  the  geological  structure  of  a  large  and  interesting 
scope  of  country,  also  connected  with  scenery  unsurpassed  for  singularity  and  grandeur. 

About  TO  miles  below  El  Paso  the  mountains  on  either  side  of  the  valloy  converge,  and 
present  a  lofty  barrier  in  the  direct  course  of  the  Rio  Grande. 

Through  these  the  river  makes  its  way  by  deeply-cut  chasms,  exposing  the  geological  forma* 
tion  and  structure  in  the  sectional  faces  presented  by  its  precipitous  walls. 

We  also  see  in  this  connexion  the  lowor  limits  of  that  extensive  aqueous  deposit,  forming 
what  may  be  termed  the  Great  El  Paso  Basin,  which,  by  subsequent  drainage  in  the  progressive 
deepening  of  the  bed  of  the  Rio  Grande,  has  brought  to  view  the  various  terraced  elevations 
marked  along  the  course  of  the  present  valley  in  table-land  bluffs  and  extensive  gravelly 
plateaus. 

In  fact,  in  our  progress  down  the  river  we  shall  have  constant  occasion  to  notice  the  connexion 
between  these  canons,  as  marking  the  limits  of  upper  basins  of  deposit.  Thus  the  general 
course  of  the  river  represent*  a  continuous  series,  in  descending  steps,  of  basins,  more  or  loss 
extensive,  then  a  canon,  forming,  as  we  may  say,  the  spout  of  the  basin,  which  again  opens  on 
a  basin  of  lower  level. 

This  simple  statement  embodies  the  great  principle  of  formation  that  characterizes  all  this 
district,  and  gives  to  its  topography  a  significance  at  once  clear  and  instructive. 

It  is  in  these  barriers,  then,  these  mountain  dams,  that  the  character  of  the  valley,  as  a  whole, 
can  be  best  studied,  and  the  chasms  by  which  the  river  pierces  them  furnish  the  true  key  to 
their  geological  development. 

That  portion  of  the  Rio  Grande  thus  marked  by  canons  and  basins,  extending  from  the  first 
obstruction  70  miles  below  El  Paso  to  Presidio  del  Norte,  did  not  come  under  my  own  personal 
examination. 
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The  river  here  follows  a  general  southeast  course,  making  its  way  through  strata  of  disturbed 
carboniferous  limestone,  having  usually  a  dip  to  the  southwest.  The  river  course  thus  cut- 
ting the  strata  unequally,  -we  should  naturally  expect  not  so  much  of  a  continuous  canon  as  an 
unequal  development  of  rock  on  either  side,  presenting,  it  may  be,  bold  and  abrupt  faces  on 
the  one  side,  and  comparatively  low  on  it*  opposite,  thus  affording  the  means  of  following  near 
the  river  banks,  by  crossing  from  one  side  of  the  stream  to  the  other.  This,  indeed,  seems  to 
have  been  the  course  pursued  by  the  surveying  party,  with  their  pack-trains,  who  were  thus 
enabled  to  keep  up  a  connexion  with  the  line  of  survey. 

Wo  should  also  expect,  as  another  consequence  of  this  irregularity  of  feature  in  the  rock 
exposure,  not  such  a  marked  contraction  of  the  river  bend  and  channel  as  we  should  be  more 
apt  to  find  in  the  case  of  horizontal  strata  of  eqnal  development ;  rapids  would  be  less  apt  to 
form,  and  lines  of  beach  would  be  more  frequent.  Further  on,  in  encountering  the  exposures 
of  igneous  rocks,  these  features  would  vary,  and  here  would  be  the  points  characterize.!  by 
greater  obstruction  to  the  regular  course  of  the  river,  and  also  rendering  a  passage  along  its 
banks  more  impracticable. 

Such  are  the  general  features,  as  well  as  they  can  be  gathered  from  the  maps  of  the  survey 
and  the  geological  features  of  the  country  through  which  the  river  here  passes. 

Approaching  Presidio  del  Norte,  the  valley  of  the  Rio  Grande  again  opens  upon  a  wide  basin, 
closely  resembling  in  all  its  external  features  that  seen  above,  near  El  Paso.  The  table-land, 
however,  attains  a  greater  height  above  the  river  bottom,  presenting  steep  bluffs,  often  200  feet 
high.  The  river  bottom  is  also  more  contracted,  rarely  attaining  a  mile  in  width,  and  fre- 
quently reduced  by  the  adjoining  table-land  to  a  mere  strip.  The  river  spreads  out,  embracing 
in  its  course  numerous  islands  of  deposit,  and  forming  frequent  sloughs  along  its  main  banks, 
subject  to  regular  overflows.  It  is  to  these  aevcral  tracts,  islands,  and  sloughs  that  cultivation 
is  chiefly  confined. 

On  the  Mexican  side  the  Rio  Grande  receives  the  waters  of  the  Rio  Concho,  flowing  from  the 
southwest,  and  draining  a  large  extent  of  country  in  the  State  of  Chihuahua.  This  is  the  only 
constant  tributary  to  the  Rio  Grande  yet  met  with  in  our  course  downward  ;  its  waters  at  the 
usual  height  are  clear,  flowing  generally  over  a  bed  of  limestone  pebbles. 

The  delta  formed  at  the  junction  of  this  stream  with  the  Rio  Grande  affords  a  patch  of  soil 
suitable  for  agricultural  purposes,  and  is  occupied  by  the  Mexican  settlement  of  Presidio  del 
Norte.  The  town  itself  occupies  a  conspicuous  site,  on  high  gravelly  table-land,  overlooking 
both  valleys. 

On  the  American  side,  about  three  miles  below  the  junction  of  the  river,  the  greatest  amount 
of  bottom-land  suitable  for  cultivation  is  met  with ;  it  is  connected  with  the  site  known  as  Fort 
Leaton. 

The  bottom-lands  in  this  vicinity  arc  variously  occupied  by  scattering  growths  of  cotton-wood, 
willow,  &c.  The  highest  alluvial  tracts  are  covered  with  a  dense  growth  of  mezquite ;  the  table- 
land presents  its  usual  desert  vegetation. 

The  natural  boundaries  of  this  basin  consist  of  irregular  mountain  ranges,  composed  princi- 
pally of  carboniferous  limestone,  similar  to  that  seen  above.  As  a  general  thing,  the  strata 
here  appear  less  disturbed,  but  show  not  unfrequently  a  strong  westerly  dip. 

In  an  east  and  southeast  direction  lies  the  range  of  igneous  mountains  called  the  "Sierra 
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Kica,"  forming  the  topographical  limits  of  the  basin  in  that  direction.  Through  this  range 
the  river  passes,  and  forms  here  the  first  of  a  series  of  gigantic  canons  below. 

There  is  no  occasion  to  dwell  longer  on  the  general  feature*  of  scenery  connected  with  this 
Presidio  del  Norte  basin.  To  apply  the  term  Rio  Grandeish  would  convey  at  once  a  clear  idea 
to  any  one  at  all  acquainted  with  the  general  aspect  of  scenery  invariably  connected  with  this 
desert  stream. 

This  first  canon  commences  about  twenty-five  miles  below  the  town  of  Presidio  del  Norte. 

The  general  course  of  the  river  for  this  distance  bears  south  70°  west,  (mag.,)  passing  at 
several  points  rocky  knolls  of  igneous  character  which  abut  on  the  river.  On  approaching  the 
mountain  range  directly  in  front,  it  will  be  seen  that  the  river,  winding  through  the  lower  line 
of  adjoining  hills,  suddenly  contracts  its  channel,  and  thence  tumbling  over  a  series  of  foaming 
rapids,  enters  the  mountain  range. 

The  rock  exposure  here  is  of  a  most  remarkable  character,  and  different'  from  any  heretofore 
met  with.  When  the  adjoining  mountains,  reaching  a  height  of  1,000  to  1,500  feet,  present  a 
clear  sectional  face,  we  see  a  somewhat  regular  series,  composed  of  lavas,  vesicular  or  compact 
in  texture,  alternating  with  thick  deposits,  of  an  earthy  form,  of  volcanic  breccia.— (Specimen 
Rocks,  No.  59  to  62  inclusive.) 

The  general  arrangement  of  these  formations  shows  them  to  be  variable  in  thickness,  and  dis- 
posed in  regular  strata  one  above  the  other. 

The  dark-colored  lavas  form  usually  the  upper  capping,  together  with  one  or  more  interme- 
diate seams.  The  intervening  lighter  colored  breccias  are  often  of  considerable  thickness,  show- 
ing in  some  places  a  development  of  300  feet  or  more,  while  at  other  points  it  is  reduced  to  a 
thin  seam.  The  usual  appearance  of  these  breccias  is  that  of  an  earthy- stratified  deposit,  vary- 
ing in  color  from  a  whitish  brown  to  a  dull  green  ;  its  texture  is  more  or  less  crumbling,  being 
composed  of  a  whitish  paste,  which  contains,  occasionally,  minute  pebbles  of  quartz  rock. 

In  entering  into  the  composition  of  mountain  masses,  these  several  formations  assume  very 
distinct  and  peculiar  characters.  Thus,  where  the  earthy  breccias  are  considerably  developed, 
wo  see  them  exposed,  along  the  sides  of  mountains,  in  perpendicular  walls,  capped  by  the 
darker  colored  lava  rocks,  which  are  frequently  seen  overhanging  and  forming  a  regular  line  of 
terraced  platforms,  thence  rising  upward  in  broken  ledges  to  form  a  flattened  summit.  This 

SKTtONAZ.  riBW  or  Bl'TASJLLA  MOCXTAIX,  KKAR  TUB  rOidliaCK*KNT  Or  Till  CaSON  Or  TUB  MO  B&ATO,  TUJBTT  HUB)  BELOW 


l  iff     J?-Cr-  .« r~, 
•  '         r  •<>-  -J-. 


...  r «.v  1*.. 


A.  Lower  exposure  of  trap-rock  of  closer  Uxtnre  than  the  upper  i 

B.  Vein  of  trap,  six  feet  tn  thickness,  traversing  the  in 
connecting  the  upper  and  lower  slrata  of  igneotu  rock. 

C.  Vesicular  trap-rock,  dark  colored,  4U0  feel  ?  thick. 

D.  Volcanic  breccia  in  horizontal  strata  of  light  brownish  color,  200  foot  thick 

E.  TsIub  strewn  with  block,  derived  (rem  the  i 
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singular  character  of  formation  has  given  the  name  of  "  Bofeciixos"  to  some  of  the  more  striking 
mountain  ledges. 

Owing  to  the  crumbling  nature  of  this  underlying  stratum,  we  find  it  variously  washed  and 
often  fantastically  shaped  by  the  peculiarities  connected  with  its  various  exposures ;  it  thus  fre- 
quently forms  burrowing  caverns  and  dark  grottos,  sot  off  with  misshapen  pillars.  Quite  inva- 
riably we  find  it*  base  occupied  by  a  talus,  derived  from  the  overhanging  rock,  forming  a  rough 
slope  strewn  with  irregular  blocks  ;  thus  its  connexion  with  the  underlying  rock  stratum.  This 
connexion  is,  however,  occasionally  brought  to  light,  and  shows  a  lower  development  of  lava 
rock,  differing  but  little  from  that  above,  except  in  a  greater  closeness  of  texture,  the  upper 
capping  being  generally  vesicular,  while  that  below  is  compact. 

Frequently,  however,  a  direct  connexion  between  the  separate  lava  strata  is  made  by  narrow 
dykes,  identical  in  character  with  the  rock  above  and  below,  passing  through  the  intervening 
breccia.  At  other  places,  veins  are  seen  shooting  from  abovo  and  below,  and  terminating  in 
the  intervening  series. 

Or  »IO  BRA  TO, 


A.  Dark-culored  vesicular  trap, 
li.  Volcanic  breccia  of  a  lightiah  brown  color  in  hori 

C.  Lava  or  trap-rock  of  close  traturc,  dark-colored. 

D.  Breccia  a*  above,  having  a  light  greenish  color. 

E.  Igneous  vein*. 

i 

We  are  now  sufficiently  prepared  to  appreciate  the  external  features  of  the  region  thus  char- 
acterized. We  can  understand  how  the  unequal  development  of  these  several  layers  may  give 
shape  and  character  to  the  mountain  ranges,  and  what  diversified  features  they  will  necessarily 
assume,  under  the  influence  of  denuding  causes,  acting  so  unequally  on  their  separate  members. 
The  geological  formation  seems  to  conspire  with  the  atmospheric  influences  to  give  a  ruggedness 
and  character  of  desolation  to  this  region,  of  which  description  can  give  but  a  most  meagre  idea. 

It  is,  however,  in  the  line  of  the  river-course  that  these  rugged  features  present  their  grandest 
developments.  We  see  the  turbid  waters  of  the  Rio  Bravo  here  contracted  to  a  narrow  channel, 
barely  a  stone's  throw  across,  sweeping  on  a  resistless  current  beneath  bristling  crags ;  now 
tumbling  over  foaming  rapids,  connected  with  some  abrupt  turn  in  the  course  of  the  stream, 
and  then  gliding  smooth  and  unbroken  through  mountain  clefts  with  perpendicular  walls  on 
either  hand,  rising  to  the  dizzy  height  of  1,200  to  1,500  feet  perpendicular. 

In  our  progress  through  the  range,  the  breccia  deposit  becomes  less  developed,  and  finally 
disappears  altogether,  or  is  seen  only  in  narrow  seams  along  the  sides  of  the  mountains. 

The  course  of  the  river  at  first  is  not  entirely  hemmed  in  by  abrupt  rocky  walls,  a  rough 
tains  at  the  base  affording  a  rude  pathway,  occasionally  lined  by  narrow  strips  of 
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At  other  places,  however,  all  approach  to  the  river,  except  by  tho  route  of  its  dangerous  channel, 
is  ont  of  the  question. 

AloDg  the  course  of  the  river,  the  mountain  barriers  are  occasionally  pierced  by  side  chasms 
for  the  drainage  of  tributary  mountain  valleys.  One  of  these  is  so  remarkable  as  to  deserve 
some  separate  notice. 

At  a  point  about  seven  miles  from  the  entrance  of  the  caQon,  where  the  river  is  completely 
hemmed  in  on  each  side  by  the  largest  development  of  the  mountain  range,  being  unapproach- 
able except  in  boats  from  above,  there  is  a  cut-off  on  the  American  side,  leading  by  an  open 
country  over  a  gentle  swell  of  ground,  reaching  the  river  about  five  miles  below.  This  cut-off 
passes  directly  at  the  base  of  the  high  mountains  intervening  between  this  route  and  the  river, 
having  an  average  breadth  of  half  a  mile.  At  the  summit  of  this  swell  is  a  depressed  valley, 
the  drainage  of  which  leads  directly  toward  this  mountain  barrier  in  its  course  to  the  river. 

In  following  the  dry-stream  bed  thus  marked  out,  we  find  it  entering  by  a  narrow  portal, 
about  15  feet  in  width  below,  thence  cutting  its  way  by  a  uniform  cleft  through  the  entire 
breadth  of  the  mountains  to  reach  the  Rio  Grande. 

It  thus  presents  a  miniature  picture  of  the  larger  canon  made  by  the  Rio  Grande.  Its  floor 
shows  a  smoothly- washed  rock  surface,  in  which  basins  frequently  occur,  bedded  by  washed 
sand  and  pebbles,  and  receiving  the  limpid  issue  of  a  small  trickling  stream.  In  its  general 
course  toward  the  river,  it  makes  frequent  zigzag  angles,  thus  giving  a  new  feature  of  scenery 
at  every  turn,  and  presenting  altogether  a  most  varied  combination  of  the  grand,  grotesque, 
and  beautiful.  Along  its  sides  is  plainly  observed  a  high-water  mark,  with  an  average 
height  of  15  feet  above  the  rocky  bed,  indicative  of  the  sudden  floods,  derived  from  copious 
rains,  to  which  this  chasm  is  subject.  This  fact  serves  to  give  a  somewhat  nervous  interest 
to  its  exploration.  The  height  of  tho  perpendicular  walls  on  each  side,  corresponding  to  the 
thickness  of  the  mountain  range,  is  from  300  to  800  feet.  The  chasm  thus  formed  opens  up 
gradually  towards  the  summit,  forming  a  broken  yawning  abyss,  untouched  by  sunlight,  and 
having  its  depth  exaggerated  by  the  comparative  dimness  that  shrouds  it  below. 

Thus  sheltered  from  the  sun's  scorching  rays,  and  cooled  by  evaporation  from  its  brimming 
basins  of  clear  water,  with  its  entrance  fanned  by  a  constant  stream  of  cool  air,  this  cafion  forms 
a  grateful  retreat.  Further  toward  the  river  the  descent  is  made  by  several  abrupt  falls,  form- 
ing extensive  basins  below.  These  are  filled  with  clear  water,  and  offer  natural  bathing  places 
of  a  most  attractive  character.  Its  exit  on  the  river  presents  the  same  general  features  of  chasm, 
the  final  debouchment  being  marked  by  a  debris  of  rocks  and  pebbles,  which  project  into  the 
main  stream  and  form  a  difficult  and  dangerous  rapid. 

About  three  miles  from  this  latter  point,  and  twelve  from  the  head  of  the  cufion,  the  main 
development  of  the  mountain  range  forming  the  Sierra  Rica  is  passed  ;  tho  final  exit  is  through 
a  narrow  rocky  portal,  and  presents  the  appearance  of  an  immense  gateway.  Tho  width  of  the 
river  at  this  point  is  barely  80  feet ;  the  adjoining  mountain  ridge  on  either  side  is  so  broken 
and  rugged  as  to  be  impassablo  for  animals. 

On  passing  this  narrow  outlet  we  come  upon  a  more  open  but  still  broken  country,  consisting 
of  basins  of  limited  extent,  set  off  with  the  usual  form  of  gravelly  table-land.  The  course  of  the 
river  is  frequently  obstructed  by  low  rocky  ranges,  forming  cations  ;  again  pouring  out  of  these 
caHons  into  the  more  open  basins,  it  becomes  expanded,  andforms  limited  sand  beaches,  patches 
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of  bottom-land,  and  occasionally  small  islands.  This  character  continues  for  ten  or  twelve 
miles,  when  we  enter  on  a  more  extended  basin,  through  which  passes  the  Comanche  trail, 
leading  from  Upper  Texas  into  Mexico,  by  the  adjoining  Mexican  settlement  of  San  Carlos. 


at  rounarii* 


A.  Cretaceaua  limeatorvo  marked  with  large  oarila  of  Inocoramua,  inclining  N.  N  E.,  at  an  an; Is  of  60°. 

B.  Meaa,  or  gravelly  (able-land  formation,  reatinf  unconformabry  upon  A. 


At  this  point  the  rock  exposure  exhibit*  outcrops  of  limestone  belonging  to  the  cretaceous 
period,  being  quite  abundantly  marked  by  fossil  impressions  of  Inoccramus,  often  of  large  size. 
The  rock  exposure  exhibits  a  very  variable  dip,  mostly  inclined  towards  the  west,  occasionally 
at  a  very  sharp  angle.  It  rises  at  various  points  in  the  adjoining  table-land,  forming  ochreous 
colored  rocky  blufis,  where  at  several  points  the  gravelly  table-land  is  seen  to  rest  unconform- 
ably  on  the  sharply-tilted  strata. 

Further  down  the  river,  in  an  eastern  direction,  this  cretaceous  formation  assumes  a  nearly 
horizontal  position  and  a  closer  texture.  It  is  here  seen  overlaid  by  a  variable  sheet  of  dark 
colored  lava  rock,  corresponding  in  character  to  that  noticed  above  in  connexion  with  the  Bofe- 
cilla  mountains.    This  sheet  of  igneous  rock  is  seen  to  conform  closely  to  all  the  inequalities 

1  A  UT1CT  LIAD1KO  TOWABD  THB  BJO  BRAVO  DBL  BOBTB,  KKAB  SAB  CABM*,  SHOWING 


A.  Crotacooue  limratono,  having  an  earthy  loxtura,  containing  foaaila  of  In 
D.  Dark-colored  igneoua  rock,  60  feet  in  thicktims. 
C.  Cretacooua  limenloii©  of  cloaer  texture  than  that  above,  15  feet  thick. 
D. 


ua,  150  fort. 


of  the  underlying  limestone,  exhibiting  in  the  walls  of  the  canon  below  a  distinct  line  of  sepa- 
ration, traceable  for  a  long  distance.  The  westerly  dip  of  the  cretaceous  formation  underneath 
gradually  thins  out  this  upper  igneous  capping,  which  finally  disappears,  and  solid  limestone 
walls  continue  along  the  line  of  the  river. 
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At  one  point  on  the  line  of  the  trail  leading  round  the  broken  ranges  of  the  mountain  ledges, 
directly  bordering  the  river,  to  reach  its  bed  some  eight  miles  below  the  Comanche  Ford,  the 
sides  of  a  deep  washed  ravine  bring  to  view  the  successive  and  relative  thickness  of  the  various 
exposures  alluded  to  above. 

We  here  see  the  upper  members  of  the  cretaceous  rocks  forming  the  tabled  summits  of  the 
adjoining  mountains,  and  marked  by  frequent  cretaceous  fossils,  resting  on  a  bed  of  igneouB 
trap-form  rock  50  to  80  feet  thick,  this  again  overlaying  the  closer  layers  of  the  limestone  strata 
below. 

Our  further  route,  adjoining  the  river  on  the  Mexican  side,  passes  over  high  ground,  based 
on  limestone  rock,  and  attaining  a  height  of  800  feet  or  more  above  the  river,  the  strata  here 
dipping  slightly  to  the  west.  We  again  reach  the  river-bed  at  tho  mouth  of  San  Carlos  creek, 
which,  draining  a  considerable  valley  extending  to  the  south  some  fifteen  miles,  affords  a  con- 
stant stream  of  clear  water. 

Just  below  this  point  commences  the  gigantic  caftan  of  Kan  Carlos,  through  which  for  ten 
miles  the  Rio  Qrande,  pursuing  a  nearly  due  east  course,  makes  its  way.  This  canon  presents 
unbroken  walls  of  cretaceous  limestone. 

The  course  of  the  river  here  cutting  the  strata  in  a  line  directly  opposed  to  the  dip,  there  is  a 


FALLS  OF  BIO  BBATO,  If  BAH  SAX  CABLUS. 


constantly  increasing  elevation  of  the  cailon  walls.  These  walls  commence  with  a  height  of 
between  200  and  300  feet ;  but  the  fall  of  the  water  combined  with  the  rise  of  the  strata,  develops, 
in  the  course  of  ten  miles,  a  clear  perpendicular  height  of  at  least  1,500  feet  above  the  river  level. 

A  faint  conception  only  can  be  formed  from  these  facts  of  the  truly  awful  character  of  this 
chasm.  Its  course  can  be  marked  along  the  mountain  slope  in  a  regular  zigzag  line,  terminating 
by  an  opening  cleft,  which  rises  high  and  clear  above  the  surrounding  mountain  ranges. 
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The  surface  of  the  ground  adjoining  the  river  bank  is  a  slightly  broken  slope,  extending  to 
the  east,  and  showing  a  continuous  development  of  the  range  to  the  north  and  south.  Th« 
general  surface  presents  no  indication  of  a  river  course,  and  you  are  not  aware  of  its  presence 
till  you  stand  suddenly  on  its  abrupt  brink  ;  even  here  the  running  water  is  not  always  visible, 
unless  advantage  be  taken  of  the  projecting  points,  forming  angles,  along  the  general  course  of 
the  river.  From  this  dizzy  height  the  stream  below  looks  like  a  mere  thread,  passing  in 
whirling  eddies,  or  foaming  ovor  broken  rapids ;  a  stone  hurled  from  above  into  this  chasm 
passes  completely  out  of  sight  behind  the  over-hanging  ledges,  and  one  can  often  count  thirty 
before  the  last  deadened  splash  announces  that  it  has  reached  the  river  bed.  From  the  point 
formed  by  its  last  projecting  ledges  the  view  is  grand  beyond  all  conception.  Tou  can  here 
trace  backward  the  line  of  the  immense  chasm,  which  marks  the  course  of  the  river,  till  it 
emerges  from  its  stupendous  outlet. 

Below  this  the  country  presents  from  a  bird's  eye  view  an  extended  basin,  set  off  by  the 
rugged  volcanic  mountains  of  the  Chisos,  we  trace  the  winding  of  the  stream  in  the  basin  helow, 
to  which  distance  gives  a  softening  character  of  fertility  not  by  any  means  borne  out  on  a  nearer 
inspection. 


OUTLIXI  VI KW  Of  THE  C II 1803  MOCKTAIXt,  WOUSO  TO  TBI  JtORTH. 


A.  Dark  coinred  Ifumu  rock  of  vesicular  or  eloae  tenure,  disposed  in  vertical  columns  or  boritonuii 

B.  Volcanic  breccia  In  evenly  borlxontal  strata,  llffht-colorrd  and  of  rruiDMLiig  earthy  texture. 
«.  Emory's  Peak,  3,500?*'  above  tile  waters  of  Uje  river,  having  tbc  appearance  of  a  crater. 


Rumor  had  led  us  to  expect,  in  connexion  with  this  chasm,  an  extensive  river  fall,  but  such 
did  not  prove  to  he  the  case.  Rapids,  indeed,  do  occur  sufficiently  severe  to  render  a  safe 
passage  by  boats  a  virtual  impossibility,  but  no  distinct  fall  from  an  upper  to  a  lower  ledge  of 
rocks  was  encountered  by  the  surveying  party.  Indeed,  from  a  priori  reasoning,  we  should 
hardly  expect  to  find  such  a  feature  in  this  location,  where  the  strata  are  of  such  uniform 
texture,  and  where  the  evident  marks  of  such  long  continued  abrading  forces  tend  to  level  the 
river  bed. 

All  the  rapids  seen  along  the  course  of  the  river  are  connected  either  with  a  talus,  thrown 
down  from  the  projecting  cliffs,  or  with  the  irregular  deposit  brought  down  from  the  beds  of 
tributary  streams. 
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Within  this  caBon  there  is  rarely  a  foothold  visible  along  the  line  of  the  ordinary  water 
level,  and  at  no  place  for  the  whole  distance  of  ten  miles  would  it  be  practicable  to  make  a  safe 
descent  to  the  water's  edge,  still  less  to  ascend.  The  "facile  descensus"  would  here  he  truly 
"Averni."  , 


IAL  T1BV  or  TU  QUIT  C&?0*  OF  Til  MO  U*VO  DIL  MOKTI,  HEAR  M 


A.  Perpendicular  wall,  of  limestone  rock,  having  a  gentle  dip  to  the  weit,  giving  increaaed  height  to  the  wil  ■  of  the  cafton, 

along  the  eastern  couree  of  the  rlTer. 

B.  Croat  eection  of  the  caSon,  showing  the  general  ahape  of  the  chum.  (Same  wale,  horizontal  and  perpendicular.) 
Jfolt.— For  300  read  800. 

It  would  be  barely  possible,  in  a  time  of  high  water,  to  conduct  a  boat  safely  through  this 
stupendous  chasm.  A  strong  wooden  boat,  which  accomplished  the  entire  distance  from  El 
Paso  to  this  place  in  the  service  of  the  survey,  being  here  cast  adrift,  was  found  in  broken 
fragments  along  the  river  course  below.  There  are  rumors  among  the  Mexicans  living  near 
here  of  the  attempted  passage  of  this  cauon  by  some  daring  individuals,  but  no  authentic 
record  of  a  successful  result. 

A  perpendicular  cross  section  of  this  canon  exhibits  a  rather  peculiar  feature,  at  least  such  as 
is  not  noticed  elsewhere :  thus,  instead  of  a  regular  slope  or  perpendicular  descent  of  the  canon 
walls  on  either  side,  we  have  an  expansion  of  the  breadth  of  the  canon  at  two  distinct  points, 
above  and  below.  The  vertical  cross  section  would  thus  correspond  to  that  of  a  pitcher,  showing 
first  a  flaring  top,  then  a  contraction,  and  again  bulging  out  below  ;  the  peculiarity  consists  in 
this  lower  expansion,  but  is  evidently  susceptible  of  a  ready  explanation.  Thus,  it  may  be 
regarded  as  due  to  the  irregular  action  of  river  flood  and  recessiou,  acting  along  its  pent-up 
course  in  such  a  way  as  to  exert  a  greater  denuding  effect  on  the  sides  of  the  chasm  than  on  its 
lower  bed. 

Professor  Hall  has  suggested  that  such  a  shape  would  be  apt  to  result,  in  such  situations, 
from  the  gradual  diminution  of  the  body  of  running  water,  naturally  connected  with  increasing 
land  elevations. 

The  average  width  of  the  stream  within  this  canon  is  probably  about  100  feet ;  and  when  we 
come  to  include  herein  the  immense  floods  that  iu  other  places  spread  out  the  river  overflows 
for  miles,  we  can  appreciate  its  terrible  energy  when  pent  up  within  such  narrow  limits. 

Sufficient  has,  doubtlessly,  been  said  on  this  most  remarkable  feature  in  the  course  of  the  Bio 
Bravo ;  its  details,  however,  will  havo  a  general  application  to  what  is  to  succeed,  and  render  a 
more  elaborate  notice  of  the  successive  canons  unnecessary,  all  of  which  resemble  the  above  in 
general  aspect,  but  none  equal  it  in  extent  and  grandeur. 
8  M 
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In  order  to  reach  the  lower  basin  in  the  course  of  the  Rio  Grande,  beyond  the  San  Carloa 
canon,  you  have  to  make  au  extensive  detour,  and  pans  again  up  the  San  Carlos  creek  about  ten 
miles  to  the  "  Old  Presidio  of  San  Carlos."  This  now  deserted  adobe  structure  is  situated  on 
the  eastern  side  of  the  valley,  occupying  gravelly  table-land,  and  overlooking  the  alluvial 
bottom,  which  shows  the  remains  of  former  cultivation  in  extensive  lines  of  irrigating  ditches. 
The  cultivation  carried  on  by  the  present  inhabitants  of  San  Carlos  is  confined  to  the  upper 
part  of  the  valley.  Tiiese  cultivated  fields  extend  some  five  miles,  and  present  a  rich  belt  of 
alluvial  soil,  abundantly  watered  nnd  consequently  fertile. 

On  leaving  the  San  Carlos  valley,  we  pass  by  a  southeast  course  over  an  upland,  gently 
undulating  plain,  set  off  by  occasional  rocky  knolls,  and  encircled  by  mountains  mostly  of 
volcanic  formation.  Our  course  thence,  inclining  more  to  the  northeast,  leads  over  broken 
swells  of  the  limestone  range  pertaining  to  the  cation  above  described.  Thus,  by  a  seiies  of 
steep  descents,  the  lower  basin  of  the  Rio  Grande  is  gained  at  a  point  some  distance  below  the 
mouth  of  the  San  Carlos  canon,  and  nearly  opposite  the  range  of  the  Chinos  mountains. 

The  general  character  of  the  valley  here  presents  the  usual  features  of  gravelly  table-land, 
flanking  a  narrow  alluvial  belt  along  the  winding  course  of  the  river.  The  bottom-land  here 
is  again  bordered  by  cotton-wood  and  willow  growth. 

Towards  the  exit  of  the  river,  from  the  San  Carlos  cailon  above,  the  general  aspect  of  the 
valley  is  modified  by  irregular  outbursts  of  eruptive  trap  rocks,  confusedly  alternating  with 
volcanic  breccias. 

The  general  course  of  the  rivt  r  through  this  basin  is  easterly  ;  the  bottom-land  is  of  limited 
extent,  and  generally  barren.  At  several  points  here  are  seen  Indian  fords  and  broad  trails 
leading  from  upper  Texas  into  Mexico.  These  beaten  paths  are  unmistakable  indications  of 
the  route  pursued  by  the  Camanches  on  their  extensive  foraging  expeditions. 

These  routes,  both  to  the  north  and  south,  are  comparatively  open,  and  are  apparently  deter- 
mined by  the  depressions  that  occur  in  the  elsewhere  uninterrupted  line  of  mountains. 

The  continuation  of  our  land  route  down  the  river  compelled  us  to  cross,  with  our  pack  train, 
at  one  of  the  Indian  fords  called  "  Vado  Fleche,"  thence  taking  along  the  Texan  side  to  turn 
the  spur  of  the  mountain  range  forming  the  San  Vinccntc  canon. 

This  range  is  exclusively  composed  of  cretaceous  limestone,  similar  in  texture  to  that  in  the 
San  Carlos  canon  above.  It  differs  from  that,  however,  in  being  of  less  height  and  extent,  and 
in  showing,  in  place  of  a  regular  western  dip,  a  distinct  anticlinal  axis,  the  dip  being  quite 
abrupt  on  either  side.  Cretaceous  fossils,  identical  with  those  found  at  San  Carlos,  serve 
plainly  to  characterize  this  formation. 

The  cafion  ol  San  Vincente  is  very  abrupt  and  of  considerable  height ;  the  ridge  adjoining  is 
also  very  broken,  exhibiting  steep  descents  and  branch  chasms,  which  rendered  the  survey 
extremely  arduous.  The  passage  through  this  cannon  was  accomplished  by  our  India-rubber 
boats,  one  of  which  was,  however,  capsized  in  shooting  a  sharp  rapid.  On  emerging  from  this 
range,  the  Rio  Grande  opens  on  the  San  Vincente  basin,  in  which,  on  the  Mexican,  side  is 
situated  the  now  deserted  Fort  San  Vincente. 

This  basin  differs  from  all  others  yet  seen  in  being  exclusively  formed  of  low  ledges  of  a 
dark-color  d  stratified  rock,  showing  low  bluff  ranges  30  to  50  feet  high.  These  ridges  have  a 
very  uniform  dip  of  15°  to  the  northeast ;  they  occupy  in  great  measure  the  place  of  the  usual 
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gravelly  table-land,  forming  along  the  line  of  strike  open  valleys.  Arid  and  bleak  sterility 
characterizes  this  formation,  to  which  the  scant  and  sandy  bottom-land  is  hardly  an  exception. 

Fossils  are  occasionally  copiously  imbedded  in  these  ledges  ;  among  which  principally  Oslrea, 
Ammonites,  and  TurriteUa  occnr,  atid  show  that  the  formation  belongs  to  the  upper  cretaceous 
scries.    At  some  points  there  is  an  evident  approach  to  the  lower  Tertiary  formation. 


vuw  or  rnminio  me  »»\  vim  tnti  and  s:um  •••.-..hi-'. 


The  eastern  limits  of  this  basin  are  marked  by  the  extensive  and  elevated  range  of  the  Sierra 
Carmel,  presenting  directly  in  front  an  unbroken  wall  composed  of  a  light-colored  limestone. 
This  shows  a  dip  to  the  east.  Its  western  aspect  exhibits  a  line  of  perpendicular  escarpment 
rising  in  several  peaked  knobs  to  a  great  height.  The  line  of  mountain  wall  thus  exposed 
presents  a  series  of  terraced  elevations,  dividing  horizontally  the  abrupt  face  of  rock  exposure. 

Along  these  terraced  lines,  and  associated  with  the  talus  there  accumulated,  is  a  growth  of 
dark-green  shrubbery,  strongly  contrasting  with  the  ochreous-colored  wall,  which  forms  the 
background. 

This  mountain  rango  further  to  the  southeast  exhibits  an  extensive  development  of  igneous 
rock,  showing  in  the  distance  a  very  rugged  outline. 

The  occurrence  of  I  hese  several  ranges  forces  the  river  from  its  east  and  southeast  course,  and 
gives  it  an  abrupt  turn  to  the  north.  The  mountain  barrier  is  thence  passed  at  a  lower  eleva- 
tion of  the  main  range  forming  the  Carmel  canon.  The  river  here  cuts  through  the  limestone 
strata,  showing  a  distinct  dip  to  the  northeast ;  after  a  course  of  8  miles,  the  river  emerges  on 
the  eastern  slope  of  the  Carmel  range.  To  accomplish  the  same  distance  with  our  mule  train  a 
detour  of  40  miles  was  necessary,  leading  again  to  the  river  at  the  point  where  it  emerges  from 
the  mountains.  The  operations  of  the  surveying  party  being  hero  suspended,  our  route  hence 
led  southward  to  the  Mexican  settlement  of  Santa  Rosa,  thence  to  Eagle  Pass. 
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The  eastern  slope  of  the  Sierra  Carmel  shows  the  strata  of  cretaceous  limestone  inclining 
eastward  at  an  angle  of  about  20°  ;  its  exposed  face  is  variously  marked  up  by  irregular 
trenched  valleys  and  abrupt  points  and  ledges,  due  to  the  natural  denuding  forces  of  water 
drainage  and  atmospheric  action.  This  slope  terminates  in  an  irregular  valley  below,  having 
its  drainage  to  the  north,  and  leading  direct  to  the  Rio  Grande.  Further  south  is  conspicuous 
the  extensive  igneous  development  of  the  mountain  range,  rising  in  jagged  peaks  to  an  Alpine 
height,  and  presenting  in  the  forest  growth,  which  clothes  its  sides,  agreeable  features  of 
verdure,  contrasting  strangely  with  the  river  valley  and  its  bare  outline  of  desert  hills. 

The  most  northern  outlier  of  this  igneous  formation  is  the  singular  peak  known  as  the 
"  Picotena."  Lying  at  a  distance  of  about  5  miles  from  the  river,  it  rises  abruptly  from  amid 
the  surrounding  limestone  ranges,  shooting  up  a  sharp  conical  peak  of  basaltic  structure.  This 
peak,  by  its  height  and  external  featuies,  presents  a  most  striking  landmark. 

The  country  stretching  to  the  north  and  east  in  the  course  of  the  river  is  less  interrupted  by 
high  mountain  ranges  than  has  yet  appeared  on  the  line  of  our  route,  and  presents  features 
precisely  similar  to  those  before  noticed  in  connexion  with  the  lower  valley  of  the  Pecos. 
Igneous  exposures  disappear  altogether,  or  are  of  very  limited  extent,  and  the  limestone  strata 
are  but  little  disturbed.  The  numerous  deeply  cut  valleys  leading  to  the  river  are  bounded  by 
abrupt  walls,  rendering  travelling,  except  in  the  direct  line  of  their  drainage,  next  to  impossible. 
In  attempting  to  follow  down  the  river  with  pack  animals,  the  only  practicable  course  was  to 
follow  up  to  near  its  head  one  of  these  tributary  ravines,  thus  reaching  the  general  table  sum- 
mit, and  then  to  pass  over  to  and  down  another  ravine  leading  to  some  uncertain  point  of 
the  river  below.  By  this  plan  it  not  unfrequently  happened  that,  in  order  to  make  a  distance 
of  5  or  6  miles  by  the  line  of  the  river,  a  detour  of  30  miles  or  more  was  necessary.  Each  of 
these  detours,  moreover,  leads  over  a  country  destitute  of  water,  except  the  uncertain  rain 
water  retained  in  rocky  wells,  which  generally  occupy  positions  inaccessible  to  animals. 

This  character  of  country  continues  hence  uninterruptedly  to  the  mouth  of  the  Pecos  river, 
about  80  miles  distant,  presenting  great  uniformity  in  the  general  external  and  geological 
features  of  country. 

Our  course  led  along  the  eastern  base  of  the  Sierra  Carmel,  bringing  to  view,  in  connexion 
with  its  larger  development  of  igneous  formation,  a  section  of  country  extremely  picturesque, 
including  well  watered  valleys,  timbered  mountains,  and  upland  plains  covered  with  a  luxuriant 
growth  of  nutricious  grass. 

Indian  traces  abound  in  these  vicinities,  and  the  deep  recesses  of  the  adjoining  mountains 
afford  secure  retreats,  where  the  animals  plundered  from  the  Mexican  settlements  are  driven  to 
recruit,  in  preparation  for  their  passage  across  the  Rio  Grande  into  Texas. 

To  this  character  of  country  again  succeed  ranges  of  cretaceous  mountains,  showing  a  general 
easterly  dip  of  strata,  and  connected  with  upland  basin  plains  mostly  waterless. 

At  a  distance  of  about  a  hundred  and  fifty  miles  south  from  the  Rio  Grande  we  reach  a 
system  of  elevated  basins,  having  frequently  a  drainage  distinct  from  the  valley  of  the  Rio 
Grande,  forming  extensive  inland  lakes  fed  by  numerous  rivers.  The  noted  Bolson  Mapimi  is 
the  largest  example  of  this  lagoon  formation. 

Several,  however,  of  these  lagoons  on  the  northern  edge  of  this  elevated  area  give  rise  to 
tributaries  which  empty  into  the  Rio  Grande.    Of  this  latter  class,  the  "  Laguna  Agua  Verde" 
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is  an  example.  Along  the  line  of  one  of  these  valleys  last  mentionei  our  route  led,  thus 
threading  our  way  through  the  mountain  harriers,  forming  the  northern  line  of  the  Santa  Rosa 
range,  thence  emerging  on  thin  charming  valley  a  short  distance  above  the  town  of  Santa  Rosa. 

The  route  thence  to  the  Rio  Grande  at  Eagle  Pass  is  over  an  open  country,  occupied  by  low 
swella  of  cretaceous  limestone,  thus  merging  into  that  character  of  country  pertaining  to  the 
region  of  central  Texas. 

For  further  details  of  the  lithological  character  and  fossil  contents  of  the  various  rock  ex- 
posures above  alluded  to,  reference  may  be  had  to  the  lists  of  Mr.  Conrad  and  Professor  Hall. 
A  very  interesting  paper  from  the  latter  gentleman  also  contains  important  generalizations, 
derived  from  examination  of  the  various  geological  specimens  collected  in  this  and  other 
expeditions. 

The  numerous  illustrations  of  scenery  from  various  sources  will  supply  all  that  can  be  desired 
in  regard  to  the  general  aspect  of  the  region  under  consideration. 
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GEOLOGICAL  OBSERVATIONS  ON  THE  COUNTRY  ALONG  THE  BOUNDARY  LINE 
LYING  BETWEEN  THE  111TH  DEGREE  OF  LONGITUDE  AND  THE  INITIAL 
POINT  ON  THE  RIO  COLORADO. 


Geographical  terms  for  this  section  of  the  boundary  line  would  be  Sonorian  or  Pimerian ,  as 
it  runs  through  the  northwestern  part  of  Sonora,  which  also  bears  the  old  Spanish  name  of 
Pimeria  Alta  (High  Pitneria ;)  and  since  it  intersects  both  meridians  and  parallels  in  an  oblique 
direction,  it  is  called,  in  geodetic  language,  "azimuth  line."  This  line  lies  entirely  on  the 
eastern  slope  of  the  basin  of  the  Gulf  of  California,  and  falls  on  the  divide  separating  the  waters 
of  the  Gila  from  the  streams  of  Northern  Sonora,  which,  after  flowing  in  a  southwesterly  course, 
empty  into  the  Gulf  of  California. 

The  hypsometrical  and  general  geological  features  can  only  be  expressed  approximately,  for 
circumstances  prevented  actual  measurements. 

At  the  eastern  end  of  the  azimuth  line  is  the  Sierra  del  Pajarito,  from  the  highest  point  of 
which  an  imaginary  line  drawn  to  the  Rio  Colorado  would  give  a  grade  of  about  22  feet  to  one 
mile,  or  its  equivalent,  0.41  to  100.  The  highest  point  may  be  set  down  at  about  5,200  feet 
above  the  level  of  the  sea.  This  point  does  not,  however,  reach  the  pine  region,  which  in  this 
latitude  may  be  considered  as  occurring  at  an  elevation  of  not  less  than  6,000  feet.  A  monoto- 
nous simplicity  is  a  characteristic  of  the  topographical  features  of  Northwestern  Sonora ;  and 
but  for  a  close  examination,  there  would  only  be  disclosed  a  mere  dualism  of  diluvial  drift  and 
pluto-volcanic  mountains.  The  drift  covers  many  of  the  mountain  ranges  almost  to  the  tops, 
particularly  those  which  approach  the  bottom-lands  of  the  Colorado. 

The  northwestern  part  of  tho  line  runs  over  what  may  be  called  a  veiled  country  ;  for  of  the 
mountains,  only  their  crests  are  to  be  seen  above  the  desolate  sand-flat«  of  the  general  level  of 
the  Burface.  It  is  through  these  forsaken  barrens  that  the  Rio  Colorado,  with  its  timbered 
bottom,  winds  its  course  towards  the  waters  of  the  Gulf. 

Comparing  the  geological  edifice  with  the  structure  of  animal  organism,  the  mountain  ranges 
jutting  up  through  this  vast  level  of  drift  represent  the  skeleton  ;  the  diluvial  main  the  sinew 
and  muscle  ;  and  the  alluvial  deposits  the  tegument  or  epidermis.  The  last  mentioned  is  poorly 
represented.    The  scant  vegetable  cover  facilitates,  however,  the  observations  of  the  geologist. 

Alluvium  is  seen  first  and  as  the  uppermost  stratum  ;  except  at  the  extremities  of  the  line, 
there  is,  however,  hut  very  little  to  be  met  with.  As  might  be  expected,  it  abounds  most  in  the 
bottom-lands  of  the  Colorado  ;  but,  strange  to  say,  it  is  even  in  greater  abundance  on  tho  highest 
mountains  than  on  the  plains.  It  frequently  collects  in  sueh  quantity  in  the  little  valleys  and 
in  the  cavities  of  the  broken  sides  of  the  mountains  as  to  give  rise  to  a  more  complete  develop- 
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nient  of  vegetable  life.  The  plains  exposed  to  the  drifting  sand  as  well  as  to  climatic  severities 
are  almost  wholly  deprived  of  an  alluvial  coat.  A  few  traces  may  be  looked  for  at  the  so-called 
"  Playas,"  (depressions  in  the  plains.)  What  little  rain  may  fall  collects  here,  and  bringing 
down  with  it  the  lighter  particles  of  the  surrounding  soil,  affords  a  foothold  for  vegetation, 
which  presents,  however,  more  a  mass  of  equals  than  a  diversity  of  species  and  genera.  Often, 
apparently,  this  premature  effort  of  nature  to  develop  vegetation  is  sadly  counterbalanced  by 
the  saline  character  of  the  soil,  which  causes  the  prevalence  of  corresponding  forms,  as  obione, 
salicornia,  salsola,  chenopodium,  and  others,  in  the  place  of  algarobia,  prosopis,  or  even  salix, 
the  usual  types  in  analogous  localities. 

The  plains  lying  between  the  mountain  ranges  are  formed  of  a  more  or  less  uniform  deposit 
of  loose  diluvial  sand,  its  composition  not  differing  essentially  from  that  of  the  adjoining 
mountains.  This  diluvial  main  may,  therefore,  be  called  the  debris  of  the  adjacent  mountains 
and  of  the  underlying  mass. 

As  to  the  formation  of  this  diluvial  main,  we  incline  to  the  opinion  that  it  is  the  residue  of  a 
sea  once  a  connecting  link  between  the  waters  of  the  Atlantic  and  Pacific.  Changes  in  the 
constituent  of  this  deposit  certainly  occur ;  but  they  arc  of  a  local  character,  besides  having  a 
certain  uniformity.  Fragments  of  quartz,  mica,  feldspar,  and  other  similar  elements  of  crystal- 
line and  igneous  rock,  associated  with  calcareous  particles,  constitute  the  formation  of  that  vast 
region  of  deserts  stretching  from  the  eastern  foot  of  the  California  Cordilleras  to  the  table-lands 
bordering  even  the  Rio  Bravo.  This  section  of  country  may  thus  be  viewed  as  the  bed  of  an 
ocean  variously  intersected  by  numerous  reef-like  or  dyke-shaped  mountain  ranges. 

In  the  immediate  vicinity  of  the  mountains,  isolated  beds  of  pebbles  are  sometimes  seen,  the 
lithological  character  of  which  indicate  their  origin.  These  pebbly  beds,  however,  must  not  be 
confounded  with  similar  ones  occurring  occasionally  about  the  centre  of  the  desert  basins  and 
frequently  along  the  dry  water-courses.  The  former  are  the  disintegration  of  the  rocks,  unmoved 
from  their  original  locality,  whilst  the  latter  are  gatherings  of  an  immense  area.  The  latter 
bear  evidence  of  being  brought  from  the  most  opposite  and  most  remote  geographical  quarters ; 
pieces  of  limestone  representing  both  the  carboniferous  and  cretaceous  periods  with  tertiary  and 
even  traces  of  lime  recently  precipitated  ;  these  fragments  are  mingled  with  agate,  chalcedony, 
semi-opal,  opal,  jasper,  slates,  silicia,  breccias,  and  crystalline  and  amorphous  conglomerates ; 
here,  also,  are  silicified,  agathized,  or  opalized  fragments  of  wood  side  by  Bide  with  pieces  merely 
incrusted — scarcely  metamorphosed  or  entirely  unchanged,  and  of  quite  a  recent  geological  date; 
semi-opal,  formed  entirely  of  shell,  whose  age  is  readily  recognized  by  the  numerous  nummulites 
associated  with  it ;  agate,  with  neat  fragments  of  encrinitic  or  coral ino  forms  ;  jasper  or  horn- 
stone,  which,  under  a  common  lens,  discloses  both  the  texture  and  grain  of  coniferous  wood  ; 
opal,  exhibiting  traces  of  the  structure  of  fossil-wood,  with  distinct  annular  concentric  rings, 
but  no  marks  of  the  grain  could  be  detected ;  glass-opal,  and  hyalite,  containing  casts 
of  some  forms  of  the  coral  age  pisolites,  in  appearance  like  a  toadstone,  which  are  either 
unchanged  or  metamorphic.  The  deserts  of  both  sides  of  the  Colorado  and  along  the  Gila 
abound  with  these  pebbly  beds,  surrounded  by  and  occasionally  entirely  buried  in  the  sand. 
To  the  scientific  observer  they  are  pearls  of  this  vast  terrestrial  ocean,  which  once  formed  the 
bottom  of  a  sea,  whose  currents  in  all  probability  collected  these  pebbly  deposits.   Since  the 
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water  has  receded,  an  ocean  of  a  more  subtile  character  sweeps  over  this  area.  JErial  currents 
are  now  driving  the  shifting  sand  from  place  to  place  as  the  waters  of  the  sea  once  did. 

Besides  the  general  inclination  of  the  western  slope  of  the  Sierra  Madre  towards  the-  Gulf  of 
California,  an  increased  inclination  of  stratum  is  perceptible  around  the  bases  of  the  intersecting 
sierras    This  does  not,  however,  affect  the  mean  ascent  of  the  main  land,  and  may  be  ascribed 
solely  to  the  deposition  of  debris,  as  the  angle  formed  by  the  inclination  of  the  diluvial  deposits 
was  observed  (particularly  in  the  valley  of  the  Santa  Cruz  river)  to  be  =  2.5°. 

The  general  ascent  already  referred  to  is  conclusive  proof  of  the  action  of  upheaval  forces 
since  the  deposition  of  the  quaternary  or  diluvial  drift.  A  straight  line  over  its  surface  from  the 
valley  of  the  Colorado  to  the  foot  of  the  Sierra  del  Pajarito,  where  it  ceases,  gives  a  grade  of 
12.44  per  mile,  or  0.23  ft.  in  one  hundred.  In  some  valleys  heading  on  the  slopes  of  this  sierra 
this  deposit  may  be  seen ;  but  its  occurrence  in  such  localities  being  exceptionable,  does  not 
affect  the  mean  angle  of  inclination  of  the  stratum. 

The  height  to  which  this  diluvial  main  rises,  in  its  approach  to  the  Sierra  Madre,  gives  a 
striking  peculiarity  to  the  features  of  the  country.  But  for  it  the  rugged  crests  of  the  sierras 
would  be  scarcely  accessible. 

If  the  climatic  conditions  were  favorable,«these  now  bleak  and  forbidding  mountains  would 
present  a  region  teeming  with  vegetable  and  animal  life.  Instead  of  that,  this  country  now  lies 
an  arid  waste. 

The  few  periodical  streams  descending  from  the  mountain  sides  share  a  similar  fate,  for  no 
sooner  do  they  reach  this  drift  than  they  disappear  from  the  surface,  sinking  to  unknown  depths, 
and  leaving  only  in  the  vicinity  of  the  mountains  slight  marks  of  rudimentary  drainage,  clumps 
of  shrubbery  bordering  dry  water-courses. 

The  vegetation  peculiar  to  the  diluvial  main  is  similar  to  that  of  the  corresponding  localities 
on  the  eastern  side  of  the  Sierra  Madre  and  west  of  the  Colorado.  Besides  smaller  and  more 
inconspicuous  forms,  are  the  Larrea,  Fouquiera,  Obione,  and  other  chenopodiaceous  shrubs; 
there  are  also  a  variety  of  leguminous  plants,  numerous  members  of  the  Cacti  family,  and  some 
few  bushes  and  trees,  all  well  known  to  the  traveller  whose  fortune  has  led  him  through  these 
desert  regions. 

In  passing  to  the  consideration  of  the  underlying  strata — those  upon  which  the  diluvial 
deposits  rest — a  deep  step  is  made  at  once ;  constituents  of  the  secondary  age  seem  to  be  wanting. 
Crystalline  rocks  of  primary  and  transition  age— more  or  less  metamorphic— constitute  the  bed 
upon  which  the  diluvial  deposit  lies.  This  bed  does  not  occur  as  an  even  or  slightly  inclined 
plane,  for  its  surface  is  variously  broken  by  eruptive  masses.  These  upheavals  have  not  only 
disturbed  and  protruded  through  the  primary  and  metamorphic  strata,  but  carried  with  them- 
selves masses  of  the  latter  above  the  level  of  the  supercumbent  deposits.  Thus  are  formed  the 
mighty  sierras  now  representing  the  frame-work  of  our  geological  edifice,  most  of  which  may  be 
distinguished  as  Pluto-volcanic. 

With  the  hypsometrical  features  of  these  sierras,  better  called  Cordilleras,  three  important 
peculiarities  are  connected.  These  are,  1st.  Parallelism  among  themselves,  with  the  Gulf  of 
California,  and  with  the  Pacific  coast.  2d.  Articulation.  3d.  General  petrographic  relation- 
ship. 
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The  parallelism  is  a  fact  now  better  understood  than  the  natural  laws  which  effected  it.  The 
linear  extension  of  the  axis  may  be  supposed  to  be  the  result  of  electro-magnetic  forces  combined 
with  the  action  of  tidal  currents,  together  with  other  causes,  such  as  isothermal,  isoclinic,  and 
igodynamic  currents.  We  offer  the  following  explanation,  founded  on  our  own  observations  : 
After  the  first  formation  of  the  dykes  and  reefs  composing  the  sierras,  the  result  of  vol- 
canic forces,  acted  upon  by  electro-magnetism,  sedimentary  strata  commenced  to  be  formed. 
The  igneous  forces,  however,  at  this  time  prevailed,  and  as  a  consequence,  the  strata  of  that  era 
exhibit  a  crystalline  character.  By  the  increase  of  volcanic  detritus  and  sedimentary  material, 
the  igneous  ejections  were  confined  to  certain  fissures  only,  whilst  the  action  of  aqueous  forces 
became  more  general.  The  crust  thereby  becoming  more  and  more  firm  and  overlaid,  the 
molten  masses  had  to  seek  other  outlets,  determined,  perhaps,  by  the  character  of  the  sedi- 
mentary rocks  through  which  they  led.  To  the  stratification,  lamination,  and  cleavage  of  the 
sedimentary  rocks,  as  determining  the  subsequent  direction  of  these  volcanic  forces,  we  may 
ascribe  the  formation  of  the  catenary  mountain  ranges  and  dykes,  and  the  cellular  system  of 
their  intermediate  bases. 

The  mountain  ranges  are  mostly  one-sided  upheavals  of  metamorphic  strata  ;  the  dykes,  on 
the  contrary,  are  essentially  volcanic  eruptions.  The  two  classes  of  mountains  are  seen  in  a 
diversified  combination  of  volcanic,  plutonic,  and  aqueous  or  sedimentary  rocks  ;  syenitic  and 
granitic  lavas;  trachyte  and  trap  still  exhibiting  clear  traces  of  lamination,  cleavage,  and  strati- 
fication ;  granite,  gneiss,  syenitic,  and  various  transition  slates.  How  far  this  view  may  agree 
with  the  observed  geognostical  data,  the  special  survey  will  show. 

Before  entering  on  this  subject,  we  propose  some  remarks  on  a  few  Spanish  terms  which  define 
their  objects  with  a  precision  that  could  hardly  be  otherwise  arrived  at  except  by  much  circum- 
locution.   These  words  are — 

Cordillera,  which  means  a  long,  continuous  range  of  mountains,  composed  of  several  ridges, 
sometimes  united  by  cross  spurs,  and  intersected  by  passes  or  narrow  valleys.  The  essential 
characteristic  of  this  word  is,  that  it  means  a  mountain  composed  of  two  or  more  ranges  forming 
one  orographical  body,  just  as  several  strings  twisted  together  make  a  cord.  The  words  cord 
and  Cordillera  are  formed  from  the  same  stem. 

Sierra,  a  saw,  indicates  a  mountain  range  with  a  serrated  crest.  A  cross  section  of  either 
sierra  or  Cordillera  is  very  small  compared  with  its  longitudinal  axis. 

Cuckilla. — This  signifies  a  branch  or  outrunner  of  a  sierra,  which  it  usually  resembles  in  its 
physiographical  character.  Its  sharply  edged  crest,  in  all  probability,  suggests  its  name — 
cuchilla  meaning  knife. 

Picacho  means  a  sharp  peak  rising  conspicuously  above  a  surrounding  mass  of  mountains  ;  its 
height  bears  the  same  proportion  to  its  width  that  the  longitudinal  axis  of  a  sierra  does  to  its 
CT08S  section. 

Puerto — a  gate,  or  gap,  and  also  a  post.  In  its  topographical  application,  a  pass  ovor  or 
through  a  mountain  range. 

Cation,  implies  a  defile  or  mountain  pass  without  any  outlets  on  either  side. 

Lama  is  a  long  mountain,  or  ridge  of  hills,  with  a  somewhat  smooth  and  flat  surface.  Lomita 
is  the  diminutive  form  of  the  same  word. 

Mesa  is  a  table-land,  table-mountain,  or  a  flat-top  ridge.   Manila  is  the  diminutive. 
9  M 
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i/a(paw— literally,  bad  land  ;  the  "Mauvais  terre"  of  the  French.  In  Sonora  it  U  exclu- 
sively applied  to  mesas,  lomas,  or  any  more  or  less  elevated  platean  formed  of  igneous  rock, 
here  mostly  a  compact  or  vesicular  trap  or  basalt. 

Cicnaya  is  a  valley,  or  depression  in  a  plain,  where  the  water  collects,  and  can  only  escape 
by  an  obstructed  outlet.    Such  a  place  is  usually  miry  and  boggy. 

Charoo  means  a  hole  in  clay,  or  stratum  of  rock,  where  water  collects,  and  from  which  it 
cannot  run. 

Tinaja  is  a  water-hole,  found  in  the  crevices  of  rocks  and  ravines,  difficult  of  access.  The 
primary  meaning  of  this  word  is  an  un glased  earthen  jar,  burned  so  as  to  allow  exudation. 
The  water  thus  oozing  through  evaporates  and  keeps  that  remaining  inside  cool. 

Beginning  at  the  intersection  of  meridian  1110  and  parallel  31°  20*,  we  proceed  to  the  con- 
sideration of  the  various  sierras  crossed  by  the  line. 

The  Sierra  del  Pajarito  (little  bird)  shows  crystalline  transition  rocks,  metamorphic  and 
unchanged ;  also,  traohytic  strata,  or  metamorphic  forms  of  granitic  and  syenitic  rocks,(s.)  Some 
of  the  more  elevated  portions  exhibit  a  rough  cellular  surface,  whilst  the  lower  are  smooth  and 
more  compact.  The  tint  is  light  pink,  or  flesh  color.  This  rock  contains  much  glassy  feldspar, 
and,  occasionally,  particles  of  augite,  indicating  the  frequent  occurrence  of  a  syenitic  granite. 
A  fine-grained,  white,  metamorphic  syenite,  consisting  of  minute  particles  of  hornblende  and 
white  feldspar,  occur  on  some  of  the  cuohillas  on  the  north  side.  On  the  lower  parts  of  the 
west  slope  talcose  (argillaceous)  and  quarts&ose  slates  are  met  with,  though  trachyte  dykes  ranged 
through  in  every  direction  ;  in  the  bottom  and  slopes  of  the  valleys  the  igneous  rocks  prevail. 
In  one  place  a  Bolid  mass  of  trachyte  is  cut  through  by  an  arroyo,  forming  a  puerto,  flanked  on 
both  sides  by  vertical  walls  of  eruptive  (a  and  c)  rocks  fifty  feet  thick. ,  The  mountains  on  both 
Bides  slope  towards  this  gap  at  an  angle  of  35  to  40  degrees.  Here,  and  other  localities  along  the 
foot  of  this  sierra,  pudding  stone,  volcanic  breccia,  feldspathic  porphyry,  and  trapitic  amygda- 
loid rocks  abound.  Some  of  the  water-beds  are  lined  with  a  singular  formation,  (b,)  and  apparently 
of  a  later  ege  than  those  juiit  mentioned.  At  first  sight  it  may  be  considered  a  fresh-water 
deposit,  overlying  or  placed  alternately  with  volcanic  breccia. 
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Occasionally  traces  of  stratification,  and  even  cleavage,  are  visible,  especially  in  its  upper 
part ;  its  lower  portion  is  cemented  into  a  solid  mass.  Its  color  is  a  light  brown,  or  dark  ash- 
gray.  The  outer  crust  looks  as  if  it  had  been  subjected  to  a  process  of  calcination,  for  it  readily 
crumbles  or  exposes  a  marl  or  chalk-like  substance  that  could  be  easily  scratched  out  with  the 
finger.    There  were  no  means  at  hand  to  identify  this  as  carbonate  of  lime ;  yet  we  were 
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inclined  to  the  belief  that  the  whole  mass  of  apparent  fresh-water  deposit  was  cemented  by  this 
material,  which  also  formed  the  matrix  of  the  volcanic  breccia.  The  trapitic  and  amygdaloid 
rocks  (7)  appeared  everywhere,  no  matter  how  great  the  elevation,  slightly  blended  with  carbonate 
of  lime,  as  if  it  had  been  precipitated  there  by  water.    This  calcareous  precipitation  was  espe- 


cially perceptible  ia  the  vesicular  cavities  of  every  trachytio  or  basaltic  boulder,  and  also  in  the 
fissures  of  the  rocks  and  in  the  dells  where  these  latter  are  imbedded. 

On  the  east  slope,  in  the  valley  of  "Los  Nogales,'  (Walnuts,)  similar  strata  line  the  various 
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water-courses,  sometimes  forming  a  continuously  winding  low  bank,  or  terrace,  on  both  sides, 
and  sometimes  covering  the  slopes  of  the  adjoining  mountains,  composed  of  metamorphic  rock. 

On  the  hill-sides  there  are  beds  of  this  formation  dipping  towards  the  valley,  and  exhibiting, 
by  decurrent,  undulating  lines,  a  shaly,  laminated  texture.  On  the  easternmost  limits  of 
this  valley  the  same  formation  is  still  more  developed  ;  and  it  can  be  seen  in  all  the  valleys  to 
the  south  and  southeast  of  the  Sierra  de  Santa  Barbara,  which  is  a  part  of  the  cordillera 
embracing  the  Sierra  del  Pajarito.  The  volcanic  breccia,  in  many  of  the  ravines,  form  walls 
of  from  forty  to  fifty  feet  in  height,  varying  from  an  angle  of  forty-five  degrees  to  perpendicu- 
larity. Pieces  of  this  breccia,  heated  in  a  log  fire,  and  then  thrown  into  cold  water,  showed 
much  effervescence,  without  fracture. 

North  and  northwest  of  this  mountain  range,  bearing  east  and  west,  the  Sierra  Janos  rises 
up  in  bold  terraces  of  dark-brown  amygdaloid  trap  and  porphyry,  the  broader  terraces  being 
nearer  the  base.  These  gigantic  shelves  are  bordered  with  rocks  projecting  out  in  the  most 
fantastic  shapes.  They  incline  toward  the  main  body  of  the  sierra — deep  and  lateral  valleys 
intervening.  A  huge  block,  exhibiting  on  its  south  and  west  side  gigantic  walls,  with  distinct 
stratification  and  cleavage  intersecting  at  right  angles,  constitute  at  once  the  centre  mass  and 
the  peak.  The  rectilinear  fissures  are  visible  at  a  distance  of  ten  or  fifteen  miles,  and  giving 
the  igneous  walls  more  the  appearance  of  mason-work  than  the  result  of  volcanic  action. 

This  sierra's  vernacular  name,  "Janos,"  bears  no  reference  to  its  petrographic  character. 
The  word  signifies,  in  the  language  of  the  Papago  Indians  inhabiting  this  country,  an  arbores- 
cent shrub  of  the  bignoni aceous  order,  belonging  to  the  genus  "Chilopsis."  Its  frequent 
occurrence  here  in  the  water-beds  in  this  vicinity  may  have  originated  the  name. 

On  the  northern  slope  of  the  Sierra  Janos  another  group  of  mountains  occur,  known  as  the 
Sierra  Atascosa.  Its  bearing  is  the  same  as  that  of  the  Sierra  Janos,  and  its  longitudinal  axis 
is  common  to  this  sierra  and  that  of  Sierra  del  Pajarito.  All  these  three  links  of  the  cordillera 
have  both  dip  and  strike  alike,  the  dip  being  to  the  east.  Its  petrographic  character  is  similar 
to  that  of  the  Sierra  Janos,  and,  being  closely  connected  orographically,  may  be  considered  its 
twin.  The  cordillera  formed  by  these  three  mountains  terminates  with  the  Sierra  Atascosa, 
which  is  separated  by  a  narrow  and  rugged  valley  from  the  Sierra  del  Babuquibari,  lying  to 
the  northwest.  This  valley  is  of  Borne  importance,  not  only  for  its  valuable  fresh-water  springs, 
but  also  as  affording  the  only  means  of  communication  between  the  settlements  of  the  Santa 
Cruz  River  valley  and  the  coast  regions  along  the  Gulf  of  California.  A  rancho  was  once 
established  at  these  springs,  bearing  the  Papago  name  of  Aribaca,  or,  more  properly,  Aribac. 
The  settlement  has,  however,  been  abandoned  long  ago,  in  consequence  of  the  repeated  depre- 
dations of  the  Apaches.  The  northwestern  part  of  the  sierra  is  composed  of  igneous  rocks, 
towering  up  into  peaks  of  the  most  grotesque  form,  and  bearing,  not  inappropriately,  the  name 
of  "Malpais." 

Atascosa  means  "miry,"  which  probably  has  reference  to  a  previous  state ;  it  now  presents 
the  appearanco  of  being  an  upheaved,  boiling,  volcanic  pool.  This  sierra  and  that  of  Janos 
have  about  the  same  elevation  above  the  Santa  Cruz  valley. 

Springs  abound  about  the  Sierra  del  Pajarito,  but  their  drainage  being,  for  the  most  part, 
below  the  surface,  it  requires  a  well-practised  eye  to  detect  their  presence,  particularly  during 
the  dry  season,  which  occurs  in  April,  May,  June,  and  sometimes  July.  There  hi  a  considerable 
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development  of  vegetation  on  this  sierra ;  the  rough  surface  of  its  sides  is  covered  with  a  dense 
growth  of  shrubbery,  of  which  some  are  quite  trees,  and  grass  is  luxuriant  in  all  the  valleys. 
There  are  several  species  of  oak,  and  on  the  summit  is  found  a  cedar ;  though  this  ridge  does 
not  fully  reach  the  pine  region.  This  sierra  partakes  of  all  the  physiographical  features  of 
the  Santa  Barbara,  Santa  Cruz,  and  other  links  of  the  Sierra  Mad  re  further  east.  The  Sierra 
del  Pajarito,  with  its  dependencies  already  referred  to,  constitute  one  and  the  same  mountain 
system,  properly  characterized  by  the  word  Cordillera,  and,  taken  collectively,  are  known  as  the 
Arizona  Mountains.  This  word  probably  belongs  to  the  soft  Papago  language,  but  we  could 
not  learn  its  meaning.  The  Arizona  Mountains  are  rich  in  silver,  copper,  and  gold  ;  evidences 
of  numerous  and  well-worked  mines  are  still  to  be  met  with.  The  eastern  slope  of  the  Sierra 
del  Pajarito  (Los  Nogales)  is  especially  worthy  of  exploration  with  reference  to  a  development  of 
its  mineral  production.  Specimens  of  silver  from  this  locality  were  analyzed,  and  the  result 
will  be  found  in  its  proper  place. 

The  Sierra  del  Pajarito  constitutes  a  part  of  the  divide  already  referred  to,  and  has  been  inten- 
tionally dwelt  npon  at  length  for  the  purpose  of  referring  the  other  sierras  to  it  as  a  standard 
of  comparison  in  consequence  of  its  typical  character,  both  as  to  its  hypsometrical  and  geologi- 
cal features. 

Looking  westward  from  the  peak  of  the  Sierra  del  Pajarito,  a  nigged  net  of  mountain  ranges 
is  spread  out,  made  up  of  metamorphic  rocks  ;  and  though  the  single  sierras  do  not  rife  very 
high,  they  form  a  very  bold  mountain  relief  by  the  close,  uninterrupted  texture  of  the  inclined 
plane  which  constitutes  them.    (See  outline  sketches  Nos.  34  and  35  of  the  azimuth  line.) 

At  a  distance  of  about  sixteen  miles  another  cordillera  is  visible,  between  which  and  the 
Sierra  del  Pajarito  very  little  drift  occurs ;  and  this  is  confined  only  to  the  intervening  valleys, 
where  mesas  and  lomas,  forty  to  fifty  feet  in  height,  are  formed  by  the  drainage  from  the  sur- 
rounding mountains.  Near  where  the  drainage  from  tho  east  slope  of  the  Sierra  de  la  Eacon- 
dida  joins  that  coming  from  the  southwest  side  of  the  Sierra  del  Pajarito,  a  point  just  south  of 


the  line,  permanent  water  is  to  be  found.  It  is  under  a  cleft  of  igneous  rocks,  and  does  not  pro- 
perly deserve  the  name  of  a  spring,  but  is  rather  a  tinaja  supplied  by  water  trickling  through 
the  rocks  from  water-holes  above.  From  the  character  of  this  place  is  taken  the  name  Escon- 
dida,  (agua  escondida  meaning  hidden  water,)  a  term  which  is  generally  applied  to  the  whole 
sierra.  In  its  orographical  character,  this  sierra  is  but  a  volcanic  dyke,(A)  towering  up  into  an 
isolated,  rugged  crest  of  igneous  rocks,  composed  of  amygdaloid,  porphyritic,  end  trachytic  com- 
pounds, intersected  and  overlaid  by  contorted  and  overthrown  crystalline  strata  of  a  coarsely- 
grained  and  frequently  disintegrating  feldspathic  syenite(B.)   This  syenite  is  sometimes  meta- 


Digitized  by  Google 


70 


GEOLOGY. 


morphic,  at  other  time*  unchanged ;  sometime*  it  is  quart  rose,  and  imperfectly  mixed  with 
large  scales  of  silvery  mica,  in  other  places  feldspar  prevails. 

This  sierra  is  scarcely  more  than  one  mile  wide  where  the  line  crosses  it ;  both  sides  are  bor- 
dered by  the  upheaved  and  contorted  crystalline  beds  just  alluded  to.  We  ascended  to  the  top 
of  this  sierra,  near  where  the  singular-looking  peak  that  marks  the  Escondida  towers  up,  and 
found  it  to  exceed  in  barrenness  either  of  the  sierras— Pajarito,  Janos,  or  Atascosa.  Portions  of 
the  terrace-like  slopes,  and  also  the  plateau,  are  covered  with  patches  of  white  or  pearl-colored 
chalcedony,  investing  the  rocks  with  a  scoria-like  crust  of  that  silicious  fossil.  The  southern 
part  exhibits  a  more  horizontal  arrangement,  leading  to  the  supposition  of  having  been  formed 
under  water  ;  for  here  are  extensive  table-lands,  ridges,  lomas,  and  mesas,  composed  partly  of 
black  vesicular  or  compact  frap,  and  partly  of  real  quaternary  banks.  The  topography  of  the 
country  seems  to  indicate  here  the  confluence  of  numerous  mountain  streams  and  torrents 
coming  from  every  direction.    (See  sketch  No.  40  of  azimuth  line.) 

The  line  crosses  a  little  to  the  north  of  a  conspicuous  peak(D) — the  highest  point  of  the  whole 
range — and  falling  on  the  Mexican  side,  we  gave  it  the  name  of  "  Cerro  de  Sonora." 

Immediately  west  of  the  Sierra  de  la  Escondido  a  low  group  of  granite  hills(c)  occur,  furnishing 
several  temporary,  as  well  as  permanent,  water  places,  apparently  well  known  to  the  natives— 
Papagos  and  Apaches.  Some  are  mere  tinajas  ;  others  real  springs,  though  liable  to  become 
dry  before  the  sotting  in  of  the  rainy  season.  While  eucamped  here  we  experienced  a  heavy 
hail  and  thunder  storm  ;  in  a  few  minutes  water  came  rushing  down  the  ravines  in  a  torrent, 
five  feet  deep,  carrying  everything  before  it,  and  giving  us  unmistakable  proof  how  little  time 
it  requires  to  submerge  all  the  valleys  around  under  a  moBt  terrible  flood  of  rain-water.  This 
mountain  group  was  called  "  Granizo,"  (hail,)  and  is  so  designated  in  the  maps  from  the  cir- 
cumstance of  the  surveying  parties  being  overtaken  here  by  one  of  those  hurricanes  peculiar  to 
these  regions. 

A  flat  valley,  nine  miles  wide,  separates  the  Sierra  de  la  Escondida  and  the  adjoining  Granizo 
group  from  the  Sierra  Verde,  which  is  a  southern  spur  or  branch  of  the  Sierra  del  Babuquibari, 
north  of  the  line.  The  plateaus  bordering  the  dry  water-courses  of  this  valley  furnish  fine 
grass,  and  are  sparsely  covered  with  well-developed  hackberry  and  liveoak.  The  Sierra  Verde, 
so  called  because  of  the  verdure  encountered  in  the  shelter  of  its  rocky  valleys,  seems  to  be  formed 
exclusively  of  feldspathic  granite,  similar  to  that  already  mentioned  as  occurring  on  the  east 
slope  of  the  Sierra  Escondida.  The  strike-side  faces  southwest,  and  with  a  width  of 
scarcely  more  than  a  mile,  this  sierra  does  not  ptesent  any  pctrographic  novelties.  Its  longi- 
tudinal axis  ranges  southeast  and  northwest,  and  joins  the  bold  walls  of  igneous  rocks  belonging 
to  the  Sierra  Babuquibari.  At  its  southern  end  mounds  of  dark,  vesicular  trap  crop  out  of  the 
diluvial  main.  Here  water  finds  its  way  to  the  surface,  forming  a  spring  known  as  the  "  Pozo 
Verde,  "  (Green  Well ;)  the  bunches  of  rush,  which  at  once  conceal  and  mark  the  water,  in  all 
probability  gave  rise  to  the  name. 

Almost  due  north  of  the  Sierra  Verde  lies  the  picacho  of  the  Sierra  del  Babuquibari,  which  is 
one  of  the  orographical  phenomena  of  the  country,  its  peculiarity  being  such  as  to  attract  espe- 
cially the  attention  of  the  red  man.  The  Papagos  consider  this  huge  mouutain  obelisk  their 
palladium  ;  here  they  take  refuge  in  times  of  famine,  drought,  or  war.  Babuquibari  is  said  to 
signify  "water  on  the  mountain."    The  word  is  certainly  formed  from  babu  (water)  and  ari 
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(rock  or  mountain.)  Its  great  height,  added  to  its  spire-like  top,  causes  it  to  act  as  a  conductor 
to  tbe  clouds,  and  thereby  gather  an  unusual  quantity  of  rain,  which  is  retained  for  a  longtime 
in  its  numerous  rugged  and  inaccessible  recesses.  (See  outline  sketch  No.  89,  azimuth  line.) 
Viewing  the  country  westward  from  the  Sierra  Verde,  a  wide  plain  is  visible,  bounded  at 
a  distance  of  fifteen  miles  by  a  mountain  range  traversing  the  country  with  the  invariable 
bearing  southeast  and  northwest. 

The  eastern  half  of  this  plain  is  favored  with  a  more  than  usual  cover  of  vegetable  life- 
abounding  in  grass,  a  dense  growth  of  brushwood,  and  mesquitc,  the  western  part,  a  low  Sat, 
was  entirely  destitute  of  vegetation,  which  seemed  to  have  been  destroyed  by  small  trogloditic 
quadrupeds  of  the  order  Rodent  ite.  Although  this  plain  had  received  copious  showers  of  rain 
a  few  days  previous  to  our  visit,  singularly  enough  no  life  was  given  to  the  naked  and  barren 
fiat.  A  change,  and  not  to  its  advantage,  is  here  perceptible  in  the  physiographioal  features  of 
the  country,  and  becomes  quite  decided  in  the  next  mountain  range,  which  is  unlike  all  the 
sierras  eastward,  and  which  presents  an  isolated  group  rising  out  of  the  diluvial  main. 

Notwithstanding  its  lesser  extension,  the  Sierra  de  la  Union  presents  no  peculiarity  in  its 
petrographic  character— being  a  compound  of  igneous  and  metamorphic  rocks.  The  lat- 
ter constitutes  the  greater  portion.  On  the  east  slope  feldspathic  granite  in  a  disintegrating 
and  somewhat  metamorphic  state  occurs ;  on  the  west  is  a  quaternary  granite,  similar  to  that 
mentioned  as  occurring  on  the  Sierrita  del  Oranizo.  The  backbone  or  central  mass  is  formed 
of  igneous  amygdaloid  and  porphyritic  rocks,  here  and  there  overlaid  and  concealed  by  crystalline 
strata. 

Thus  far  there  has  been  but  little  room  for  the  diluvial  deposits,  so  broken  up  is  this  region 
by  the  continuous  succession  of  mountain  ranges;  but  westward,  great  basins  of  quaternary  and 
alluvial  deposits  form  tbe  main  in  which  the  sterile  mountains  lie  imbedded  and  completely 
isolated  by  this  vast  sea  of  drift.  Of  the  sierras  ranging  eastward,  parts  of  them  are  so  entirely 
submerged  as  to  appear  detached  and  isolated  mountains,  their  connexion  being  traceable  ooly 
by  their  general  bearing.  The  country  passed  over  may  be  viewed  as  a  narrow  strait,  traversed 
by  long  mountain  reefs,  and  that,  in  part,  as  a  c  >ast  of  shoal  water  dotted  with  rocky  islands. 
The  influence  of  the  climate  of  the  Gulf  coast,  as  far  as  the  Sierra  de  la  Union,  is  quite  apparent ; 
on  its  west  slope  two  leguminous  trees,  the  Palo  verde  and  Arbol  de  hierro  of  the  Mexicans, 
Cercidium  floridanum  and  Olneya  Tezota,  three  large  Cerei,  two  gigantic  Eohinocacti,  and  other 
desert  forms,  now  appear  in  prevailing  numbers. 

The  line,  after  crossing  a  desert  of  about  seventeen  miles,  strikes  a  comparatively  low  and 
narrow  sierra,  composed  chiefly  of  porphyry  and  amygdaloid  rock.  This  sierra  presents  two 
vertical  peaks,  rising  up  like  a  pair  of  horns,  which  constitute  natural  monuments  for  the  line 
as  it  falls  between  them.  It  is  a  northerly  continuation  of  the  Cordillera  Cobota,  so  called  by 
the  Papago  Indians,  who  have  several  fixed  settlements  here.  There  is  a  canon  in  this  sierra, 
near  the  line  by  which  the  west  side  is  easily  gained,  and  in  which  are  seen  masses  of  crystalline 
rock;  igneous  strata,  however,  prevail.  The  name  "  Lindero"  (boundary  or  landmark)  was 
given  to  this  sierra,  because  of  the  line  falling  between  the  two  conspicuous  peaks  before 
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The  sierras  Arteza  and  Sofii  lie,  respectively,  southeast  and  northwest ;  the  former  in  the 
United  States,  the  latter  in  Mexico,  both  well  known  and  famous  among  the  natives  as  being 
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remarkably  auriferous;  especially  Sofii,  once  a  mining  settlement  of  the  Mexicans.  It  was 
abandoned  at  the  time  of  the  California  gold  fever.  The  latter  subsiding,  tbe  old  settlers,  dis- 
appointed on  the  Pacifio  coast,  are  now  returning  again.  The  Papagos  claim  this  region,  and, 
from  the  time  they  first  learned  to  appreciate  the  value  of  gold  to  the  present  day,  hare  con- 
tinued to  prospect  successfully. 

A  deBert  of  sixteen  or  eighteen  miles  in  extent  separates  the  Sierra  de  los  Linderos  from  that 
of  la  Nariz.  Though  these  sierras  are  nearly  related  in  petrographic  character,  there  exista 
ono  striking  difference.  The  former  is,  at  least  where  it  was  crossed,  a  true  volcanic  dyke, 
bordered  in  some  places  by  upheavals  of  crystalline  strata ;  its  crest  of  eruptive  rocks  seems  to 
have  been  forced  through  a  mass  similar  to  itself.  The  latter,  though  consisting  also  of  trachyte 
and  trapitic  masses,  appears  only  a  simple  upheaval;  its  crest,  comparatively  smooth,  is  the 
upturned  edge  of  a  bed  of  igneous  masses,  dipping  northeast;  its  strike  faces  the  west,  at  an 
angle  of  60  to  70  degrees.  The  surface  (b)  of  the  east  slope  is  covered  with  a  thick  layer  of  loose 
boulders,  of  a  black  or  dark-brown  vesicular  trap.  On  the  strike,  stratification  (a)  is  visible,  even 
at  a  considerable  distance,  the  layers  varying  in  thickness  from  five  to  twenty-fire  feet. 


This  sierra  ranges  in  a  slightly  curved  line  from  southeast  to  northwest,  and  joins  about  eight 
miles  north  of  the  line  the  Sierra  del  Ajo,  of  which  it  is,  in  fact,  only  a  spur.  A  little  to  the  north 
of  where  the  lino  strikes,  quite  a  depression  occurs,  the  range  here  not  being  more  than  fifty 
feet  above  the  drift. 

A  valley  of  about  fifteen  miles  wide  separates  the  Sierra  de  la  Nariz  from  the  Sierra  de  la 
Laguna  on  the  north.  Its  petrographic  character  seems  to  be  similar  to  the  de  la  Nariz,  having 
the  same  strike,  dip,  and  stratification.  Trap  mounds  accompany  both  sierras,  cropping  out 
along  their  bases  to  a  height  of  thirty  or  forty  feet  above  the  level  of  the  valley.  There  are 
no  springs  to  be  found  about  any  of  these  mountains;  holes  of  water  or  ponds,  (charcos  and 
lagunas  of  the  Mexicans,)  formed  in  beds  of  clay,  are  the  only  dependence  for  water,  and  are 
not  to  be  relied  on  during  the  whole  season.  The  surveying  parties  being  unexpectedly  fortunate 
in  finding  an  abundance  of  water  here,  the  sierra  was  called  La  Laguna  (de  la  Esperanza ;) 
it  seems  but  an  eastern  branch  of  the  Sierra  del  Ajo. 

Northwest  from  the  Sierra  de  la  Nariz  this  latter  sierra,  a  bold  and  high  mountain  range, 
is  visible.  As  we  have  been  told,  it  takes  its  name,  (del  Ajo,)  garlic,  from  its  structure, 
appearing  as  the  consolidation  of  various  branches  forming  a  Cordillera.  Although  composed 
most  probably  of  volcanic  rocks,  similar  to  that  of  ranges  just  referred  to,  it  is  quite  different 
in  its  other  features.  As  seen  from  the  southwest,  a  huge  central  block  of  mctamorphic, 
or,  more  probably,  igneous  rock  constitutes  the  strike  side.  This  block,  exhibiting  traces 
of  horizontal  stratification,  is  divided  into  two  almost  equal  parts  by  a  protruding  mass  of  rocks, 
which,  though  lithologically  almost  the  same,  show  a  vertical  columnar  structure  instead  of  a 
horizontal  stratification.    On  the  sides  and  about  the  base  numerous  isolated  and  volcanic  peak 
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tower  up,  but  they  all,  undoubtedly,  have  the  same  origin.  The  main  body  of  this  sierra, 
resembling  the  bulboo.8  head  of  garlic,  has  been  dignified  with  the  name  of  that  plant.  This 
rather  hyperbolic  comparison  appears  somewhat  justified,  as  it  refers  also  to  the  endogenous 
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growth  of  both  the  sierra  and  the  garlic.  It  forms  a  subdivide,  but  the  separated  waters  nnite 
before  they  are  lost  in  the  waste  of  Band  along  the  Gulf  coast. 

A  wide  valley  spreads  out  from  the  west  foot  of  the  Sierra  del  Ajo;  being  hemmed  in  on  all 
sides  by  mountains,  and  having  only  one  (and  that  somewhat  obstructed)  outlet,  this  is  desig- 
10  M 
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nated,  in  Spanish,  as*  cienaga.  As  the  sierra  heretofore  referred  to  strikes  the  eye  with  a  dark- 
brown  or  even  black  aspect,  on  the  other  hand  the  sierras  southwest,  composed  of  metamorpbic 
crystalline  rock,  (feldspar  prevailing,)  meet  the  view  in  a  robe  of  glaring  white,  danling  nnder 
the  rays  of  a  Sonorian  sun.  It  is  common  to  the  traveller  to  distinguish  these  two  classes  of 
mountains  as  the  black  and  white,  so  opposite  is  their  general  appearance.  At  the  western  foot 
of  the  Sierra  Juchibabi,  which  bounds  the  valley  on  the  south  and  near  the  old  Mission  of 
Sonoyta  Chloritic  slates  and  greenstone  appear — these  are,  however,  but  local.  A  branch 
ranging  north  shows  throughout  the  same  light-colored  feldspathic  crystalline  rock.  The  ridge 
east  of  the  cienaga  is  but  a  slight  swell  of  the  diluvial  plains,  and  affords  an  open  and  travelled 
pass  to  Presidio  de  Altar. 

Besides  numerous  deep  charoos  and  even  small 'lagoons  in  its  lower  part,  this  ci£naga  is 
blessed  with  a  small  stream  fed  in  its  outset  by  a  number  of  small  springs.  These  springs 
afford  a  constant  flow  of  water,  which  proves  their  deeply-seated  source.  The  water  is  clear,  of 
a  bluish  hue,  but  warm  and  slightly  brackish.  Notwithstanding  this  permanent  supply,  the 
little  river  of  Sonoyta  continues  but  about  a  mile  as  a  running  stream.  There  was  a  mission 
founded  here,  but  it  has  long  since  shared  the  fate  of  all  similar  establishments  of  this  desolate 
and  remote  region.  The  inhabitants  now  consist  mainly  of  Papagos,  who  have  a  few  miserable 
huts,  and  irrigate  a  small  patch  of  ground. 

The  Sierra  del  Ajo,  rising  up  at  the  northeastern  corner  of  Cienaga  de  Sonoyta,  is  remarkable 
for  establishing,  by  a  natural  monument,  a  true  boundary  between  the  coast  aod  the  interior. 
In  its  northwestern  continuation  auriferous  and  argentiferous  copper  ores  abound.  The  gold 
and  silver  product  in  this  location  is  said  to  be  sufficient  to  defray  all  expenses  of  mining  and 
assaying,  leaving  the  copper  a  net  gain.  These  mines  have  been  long  known  to  the  Papagos 
and  Mexicans,  but  were  not  worked  for  want  of  capital  and  security  against  the  Apaches.  Some 
Californians,  under  the  name  of  "Arizona  Company,"  have  now  <r prospected"  the  country 
between  Sonoyta  and  the  Gila.  They  commenced  to  build  roads,  make  water-tanks,  introduce 
labor,  and,  notwithstanding  these  initiatory  expenditures,  anticipate  a  prosperous  business. 

Following  the  bed  of  the  Sonoyta  river,  a  narrow  but  smooth  pass  leads  to  another  cienaga, 
which,  having  but  little  water,  assumes  the  general  aspect  of  the  desert.  The  course  of  the 
Sonoyta  river  is  traceable  through  it,  but  the  water,  except  in  two  or  three  places,  does  not 
come  to  the  surface,  and  it  is  necessary  to  dig  for  it  everywhere  during  the  dry  season.  Felds- 
pathic crystalline  mountains  border  also  the  cienaga  except  on  the  west,  where  the  river  finds 
an  outlet  for  the  flood  of  water  that  may  sometimes  rush  down  its  usually  dry  course. 

The  sierra  partakes  very  decidedly,  in  its  physiographical  character,  the  features  of  the  Great 
Colorado  desert.  It  is  a  Papago  name,  and  signifies  little  mountain  gap  or  pass.  Upon  some 
rising  ground  in  the  west  end  of  the  last-meutionod  cienaga  there  is  a  settlement,  or,  more 
properly,  cattle  rancho,  the  inhabitants  of  which  arc  favored  with  spring  water  flowing  out  in 
abundance  from  a  dozen  little  springs.  These  springs  come  out  in  a  line  from  a  considerable 
bank,  which  seems  to  have  been  formed  by  sediment,  perhaps  carbonate  of  lime,  which  they 
themselves  have  precipitated.  The  water  resembles,  both  in  appearance  and  mode  of  issue,  that 
of  Sonoyta,  and  there  would  be  in  all  probability  no  error  committed  in  assigning  their  thermal 
and  mineral  properties  to  a  common  source.  West  of  Quitobaquita  the  line  passes  over  a  broad 
ridge  dipping  east  and  west  before  reaching  the  Cerros  do  la  Salada. 
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This  group,  like  all  the  adjoining  mountains,  consists  of  crystalline  feld spathic  rock.  The 
present  structure  of  the  Salada  hills  indicates  a  general  geognostical  disturbance  of  the  relative 
position  they  must  have  once  sustained.  They  vary  in  relative  height,  and  the  rocky  parts 
are  often  covered  with  debris.  The  relative  position  as  well  as  the  direction  of  the  sierras 
between  this  place  and  Sonoyta  show  a  deviation  from  the  parallelism  so  characteristic  of  north- 
western Sonora. 

The  water  of  the  Rio  Sonoyta  appears  above  ground  for  the  last  time  near  Qnitobaquita.  On 
the  southeast  side  of  the  Gerros  de  la  Salado  fresh  palatable  water  can  be  got  in  its  bed  by 
digging  to  a  depth  of  about  three  feet.  Just  below,  it  becomes  so  salt  that  even  famishing 
mules  will  not  touch  it.  This  salt  water  has  given  its  name  to  the  adjoining  mountains.  From 
this  point  southward  the  country  is  open,  presenting  to  the  view  a  bold  and  isolated  mountain 
group  at  some  distance,  known  as  Sierra  Pinacate.  Its  name,  signifying  beetle,  does  not  seem 
to  have  reference  to  any  peculiarity  in  appearance  or  formation.  In  consequence  of  the  entire 
absence  of  water,  the  Sierra  Pinacate  is  almost  inaccessible ;  it  is,  however,  celebrated  throughout 
Sonora  for  wonderful  and  inexhaustible  layers  of  rock-salt,  which  is  said  to  be  stored  up  in 
immense  masses,  arranged  in  diversified  strata  and  of  a  variety  of  colors.  This  Pinacate,  in 
all  probability,  bears  a  close  geological  relationship  to  the  Cerros  de  la  Salada. 

West  of  the  Salada  hills  a  wide,  waterless  desert  stretches  out,  studded  with  numberless 
isolated  little  peaks  and  a  variety  of  mounds,  composed  of  the  crystalline  feldspathic  rock  or 
igneous  masses — the  latter  is  either  trapitic,  amygdaloid,  or  porphyritic.  Southward,  this 
desert  is  bounded  by  low  ridges  or,  rather,  gradual  risings  of  the  diluvial  main ;  north  and  west 
by  bold  volcanic  sierras.  A  rugged  Cordillera,  known  as  the  Sierra  Tule,  limits  this  desert  on 
the  west,  and  breaks  off  what  would  be  otherwise  an  uninterrupted  continuation  of  the  great 
Colorado  waste. 

There  are  playas  near  the  oentre  of  this  desert  plain,  and  sometimes  just  after  a  rain  charcos 
of  drinkable  water.  Towards  the  Sierra  del  Tule,  there  is  an  ascent  over  an  immense  bed  of 
dark  versicular  trap,  from  which  rise  small  black  and  white  hills  or  mounds.  These  gradually 
increase  in  size  and  number  in  the  vicinity  of  the  mountains,  and  assume  an  elongated  shape, 
with  the  usual  bearing  S.E.  and  N.W.  Finally  they  unite  with  the  latter,  and  form  spurs  of 
the  main  mountain  mass. — (See  outline  sketch  No.  58,  of  azimuth  line.) 

The  black  and  white  rocks  which  constitute  this  mountain  appear  in  one  place  closely  packed 
or  pressed  together  ;  in  another  they  shoot  up  as  separate  branches.  The  dip  and  strike  with 
the  stratification  and  cleavage  are  contorted,  and  in  most  places  entirely  obscured  ;  at  another 
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place  again  they  are  traceable  even  at  a  distance  of  a  mile.  ThU  is  a  mountain  block — the 
upheaved  corner  of  a  bed  of  feldspathic  syenite  or  granite  changed  into  granitic  lava  or  regular 
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trachyte,  containing  numerous  large  crystals  of  glassy  feldspar.  The  singular  aspect  of  this 
mountain  is  produced  by  the  protusion  of  crystalline  rocks  through  a  bed  of  black  vesicular  trap. 

The  morphological  features  of  these  walls  of  rock  bear  a  resemblance  to  the  ice  formations  of 
the  Polar  seas.  Similar  causes  have  effected  similar  results ;  there,  we  have  the  consolidation 
of  aqueous  masses  ;  here,  the  crystallization  of  pluto-volcanic  rock.  Similar  in  outline,  there 
are,  on  the  one  hand,  ice-fields,  hummocks,  packs,  and  icebergs ;  on  the  other,  vast  beds  of 
trachvtic  lava,  contorted  peaks  of  porphyritic  or  amygdaloid  rocks,  upheaved  edges  of  immense 
beds  of  metamorphic  masses  forced  upon  each  other — broken,  crushed,  and  shattered — and 
formed  over  again. 

The  whole  of  both  the  icy  and  rocky  world,  each  one  floating  half  submerged  upen  an  ocean — 
the  one  upon  the  salt  waters,  and  the  other  upon  the  residue  of  a  quaternary  sea.  The  moving 
medium  is  also  somewhat  analogous  to  the  masses  acted  upon.  There  are  the  oscillatory  move- 
ments of  the  sea  with  one,  and  the  folding  of  the  earth's  crust  with  the  other. 

That  metal  is  to  be  looked  for  in  mountains  like  that  of  Sierra  del  Tule  is  doubtful. 
A  piece  of  copper  ore,  however,  was  picked  up  by  one  of  the  party  off  one  of  the  highest — 
almost  inaccessible — peaks.  Our  duties  were  such  as  would  not  permit  of  an  examination  for 
ores  of  any  kind  ;  yet  had  their  been  any  indications  of  their  occurrence — such  as  oxides  and 
sulphates  of  copper  or  lazur  and  malachite — they  would  certainly  have  attracted  our  attention. 
(For  analysis  of  piece  discovered,  see  page  25.)  This,  consisting  like  the  last-mentioned 
sierra  of  several  ranges,  would  be  more  properly  called  cordillera. 

The  petrographic  features  of  these  sierras  are  similar,  and  there  is  not  much  doubt  but  that 
they  originated  from  a  common  upheaving  focus.  This  sierra  is  the  last  of  the  ranges  traversing 
the  State  of  Sonora.  Westward  from  its  crest  a  few  rocky  peaks  only  are  visible,  rising  out  of 
the  diluvial  main  like  out-posted  reefs  along  a  aeacoast,  and  are  in  all  probability  the  tops  of 
submerged  sierras.  The  tinajas  altas,  or  water-holes,  in  the  volcanic  crevices  of  this  mountain 
arc  famous  *,  they  are  the  principal  places  in  the  surrounding  country  where  the  traveller 
between  the  Colorado  and  the  springs  of  Sonoyta  may  expect  to  find  water. 

After  leaving  this  sierra,  the  Colorado  desert  proper  is  entered  upon,  stretching  in  an  unbroken 
sheet  of  drifting  sand  to  the  foot  of  the  California  Cordilleras,  a  distance  of  about  130  miles. 
The  distance  in  a  direct  line  from  the  Tinajas  to  the  Colorado  is  about  45  miles ;  about  midway, 
there  is  a  slight  swell  of  the  sand  traversing  the  desert,  and  which  may  be  considered  an  under- 
ground sierra. 

Reviewing  the  mountain  ranges  passed  over,  we  find  that  they  invariably  dip  to  the  east, 
with  their  strike  facing  west ;  each  sierra  and  cordillera  may,  therefore,  be  considered  as  one 
page  in  the  great  book  of  creation.  Few  of  them  have  been  fully  opened  so  as  to  permit  a 
satisfactory  reading  of  their  pages;  whilst  their  greater  number  still  remain  closed,  with  just 
one  edge  turned  up.  Our  belief  is,  that  when  the  time  for  further  revelations  come,  the  axis 
of  disturbance  will  develop  itself  in  the  eastern  base  of  the  California  Cordilleras,  and  these 
mysterious  sheets  will  be  turned  from  west  to  east. 

The  Bierras  Santa  Cruz,  Pajarito,  and  Santa  Barbara,  have  disclosed  a  part  of  their  geological 
history,  while  others,  especially  those  on  the  confines  of  the  desert,  have  hardly  commenced  to 
do  so. 

Earthquakes  are  not  uncommon  in  the  basin  of  the  California  Gulf.  There  are  two  solfataras 
now  known  at  the  eastern  foot  of  the  south  California  Cordilleras,  both  still  in  activity ;  and 
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the  lower  Colorado  ia  constantly  changing  not  only  its  bod  hat  also  its  numerous  bends.  Below 
the  mouth  of  the  Qila  there  is  but  one  place  where  the  river  remains  unchanged,  which  is  so 
remarkable  a  fact  that  the  navigators  of  this  river  named  it  the  "  Permanent  Bend." 

Considering  such  facts,  we  cannot  doubt  that  the  regions  here  spoken  of  have  not  yet  passed 
through  all  the  phases  of  their  destiny.  We  do  not,  however,  believe  any  general  and  violent 
catastrophe  indispensable  for  further  geological  developments.  A  long  continuance  and  perhaps 
imperceptible  rising  of  the  country,  a  simple  increase  of  elevation,  and  especially  an  enlarge- 
ment of  the  angle  of  grade  by  which  the  horizontalism  of  the  quaternary  main  would  be  dis- 
turbed, should  it  become  subjected  to  these  forces,  would  aid  the  torrents  of  the  mountains  and  the 
sweep  of  serial  currents  to  clear  the  surface  of  the  country  from  its  desert  burden. 


CHAPTER  V. 


PHY8ICAL  AND  GEOLOGICAL  DESCRIPTION  OF  THE  COUNTRY  FROM  THE 
INITIAL  POINT  ON  THE  PACIFIC  TO  THE  JUNCTION  OF  THE  GILA  AND 
COLORADO. 

The  data  on  which  these  results  are  based  are  derived  from  personal  observation  and  col- 
lections continuously  made  daring  my  stay  in  that  region  from  July,  1849,  to  March,  1851. 
This  period  was  variously  occupied  in  different  sections  of  this  region,  including  an  interrupted 
residence  in  the  vicinity  of  San  Diego  ;  an  expedition  of  three  months'  continuance  to  the  mouth 
of  the  Gila  River  ;  a  land  journey  up  the  Pacific  coast  an  far  as  Monterey ;  a  residence  during 
the  fall  and  winter  months  of  1850-'51  at  the  Mission  of  San  Luis  Rey  ;  together  with  various 
minor  excursions  to  the  mountains  east,  north  and  south  of  San  Diego. 

The  region  of  country  thus  covered  by  my  observations  includes  portions  of  territory  lying 
between  32°  and  36°  N.  latitude  and  114°-121°  W.  longitude.  The  district,  however,  to  which 
my  attention  was  mostly  confined  is  indicated  on  the  accompanying  geological  map,  and  popu- 
larly known  under  the  title  of  Southern  California. 

The  separate  heads  under  which  I  propose  to  embrace  the  general  information  pertaining  to 
the  subjects  assigned  me  are— 

I.  — The  general  physical  features  of  country. 

II.  — Geology  and  mineral  production*. 

III.  — Botany. 

IV.  — Agricultural  capacities. 

• 

I.-1HE  GENERAL  PHYSICAL  FEATURES  OF  COUNTRY. 

The  most  marked  external  feature  which  serves  to  give  character  to  the  region  under  exami- 
nation is  seen  in  the  occurrence  of  a  mountain  range  parallel  and  in  close  proximity  to  the 
ocean,  presenting  in  its  various  elevations  and  the  differences  which  characterize  its  two  slopes 
(eastern  and  western)  a  great  diversity  of  scenery  within  a  small  compass  of  territory.  The 
range  itself,  in  its  geographic  relations,  must  be  regarded  only  as  an  inferior  link  in  the  great 
mountain  chain  extending  along  the  entire  northwest  coast  to  the  extremity  of  the  California 
peninsula.  To  the  part  at  present  under  consideration  the  local  but  not  very  precise  term  of 
the  Cordilleras  of  California  has  been  applied. 

Directing  our  attention  to  this  portion  of  the  mountain  range,  considered  as  a  whole,  it  will 
be  remarked  that,  while  the  general  direction  of  the  range  is  parallel  to  the  coast,  this  feature 
is  worked  out  in  detail  so  variously  that  it  would  be  difficult,  from  a  single  point  of  view,  to 
decide  on  the  true  direction  from  noting  the  supposed  axis  of  greatest  elevation.  This  is,  per- 
haps, owing  to  a  peculiar  feature  of  the  range,  which,  instead  of  consisting  of  continuous  ridges 
or  sierras,  as  they  are  termed,  are  made  up  of  an  irregular  series  of  rounded  or  ridge-formed 
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peaks,  sloping  gradually  towards  each  longitudinal  extreme,  with  their  more  or  less  tapering 
spurs  interlocking  with  those  of  adjoining  ridges,  hat  scarcely  ever  in  a  continuous  line. 

This  view  of  the  range  will  servo  as  a  useful  key  to  explain  many  of  its  peculiarities.  Thns, 
as  one  feet  in  connexion  with  the  general  features  of  scenery,  it  will  be  noticed,  that  though  the 
bareness  of  vegetation  would  seem  to  favor  extensive  views,  they  are  seldom,  even  from  the 
higher  points,  of  that  commanding  character  each  as  may  serve  to  give  a  true  idea  of  the 
elevation  attained,  or  to  strike  the  mind  with  those  ideas  of  grandeur  elsewhere  connected  with 
wide-spread  mountain  scenery.  The  horizon  is,  in  met,  shut  in,  and  the  view  confined  to  a 
limited  sphere,  hy  the  varied  direction  of  these  mountain  spurs.  Roads  and  passes  are  also 
readily  found,  and  routes  can  be  modified  with  comparative  ease  by  selecting  the  interlocking 
slices  to  pasB  from  one  range  to  another,  or  by  crossing  spurs  at  their  lower  depressions. 

Another  fact  connected  with  this  character  of  the  Tange  ie  a  marked  tendency  in  the  main 
valleys  to  assume  a  basin  Bhape,  apparently  encircled  by  mountains,  and  fringed  on  all  sides  by 
branch  valleys,  affording  a  choke  of  travelling  routes  in  every  direction.  We  also  frequently 
meet  with  upland  plains  of  a  similar  character-,  where  the  more  extended  view  takes  in  distant 
mountains,  in  which,  though  a  more  determined  general  direction  of  the  range  is  apparent, 
the  approach  to  a  basin  feature  is  not  lost. 

Connected  with  the  same  general  cause,  streams  find  their  way  by  very  devious  courses,  and 
on  the  western  elope,  particularly,  are  seldom  followed  in  any  direct  line  of  travel. 

In  reference  to  the  two  slopes  of  this  mountain  range,  an  important  point  connected  with  their 
distinct  external  features  is  to  be  noted  in  the  fact  that  the  axis  of  greatest  elevation,  or  the 
true  divide,  is  much  nearer  to  the  eastern  than  the  western  base.  Thus,  supposing  the  moun- 
tains to  have  an  average  width  of  60  miles,  the  centre  of  this  line  would  invariably  fall  far  on 
the  western  slope,  the  real  water-shed  being  pretty  constantly  marked  within  ten  miles  of  the 
eastern  base,  thus  leaving  a  proportional  difference  between  the  length  of  the  two  slopes  of  five 
to  one  at  least ;  hence,  as  a  natural  consequence,  the  eastern  slope  is  more  abrupt  and  precipitous, 
the  western  more  gradual  and  circuitous  ;  the  streams  of  the  former  dash  down  a  limited  descent, 
and  are  soon  lost  in  the  absorbent  debris  at  the  base ;  the  streams  of  the  latter,  flowing  more 
leisurely,  and  drawing  as  tribute  in  their  winding  course  a  more  abundant  supply,  frequently 
embody  sufficient  force  to  reach  the  ocean. 

Confining  the  attention  more  closely  to  the  Pacific  or  western  slope,  we  are  led  to  observe  in 
its  wider  dimensions  that  it  is  made  up  of  quite  a  number  of  parallel  minor  ranges,  comprised 
in  the  general  series,  forming  intervening  depressions,  and  marked  off  by  spurs,  in  the  above- 
mentioned  basin-shaped  valleys ;  towards  the  summits  these  valleys  are  more  contracted  in 
breadth,  and  attain  wider  dimensions  as  you  approach  the  coast.  At  the  higher  elevations,  the 
mountain  sides  are  usually  bare  and  rocky,  but  the  immediate  summit  assumes  a  more  verdant 
character,  being  clothed  more  or  less  with  pine  and  Alpine  oaks.  The  ranges  adjoining  the 
coast  are  smooth  in  outline,  slope  up  gradually  into  vertebrated  ridges,  and  are  covered  with  a 
dense,  brownish  shrubbery,  giving  a  singular,  smooth  aspect  to  their  distant  outline.  Moisture 
is  more  abundant  and  the  streams  more  copious  towards  the  higher  elevations,  while  the  wider 
coast  valleys,  unfed  by  perennial  streams,  are,  during  the  greater  part  of  the  year,  destitute  of 
running  water,  the  issue  from  occasional  springs  becoming  speedily  evaporated  in  the  dry 
atmosphere. 
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These  different  ridges  vary  somewhat  in  geological  structure,  and,  as  we  «hall  hare  occasion 
to  notice  hereafter,  serve  to  give  an  additional  variety  to  the  mountain  scenery.  However 
viewed,  nakedness  is  the  prevailing  character,  the  exceptions  being  few  and  far  between. 

The  summit  ridge,  attaining  a  variable  height  above  the  sea  of  3,000  to  5,000  feet,  presents 
in  its  wintry  covering  of  snow,  and  its  richer  verdancy  of  summer  growth,  some  of  the  finer 
features  of  California  scenery.  Without  possessing  a  marked  Alpine  character,  it  approaches  it 
in  a  sparse  growth  of  pines,  and  other  coniferte  ;  while  the  frequent  fogs  bathing  its  sides  favor 
the  growth  of  lichens  and  mosses  almost  unknown  in  the  lower  regions,  except  in  a  few  evan- 
escent forms  during  the  rainy  season. 

The  view  to  the  west  takes  in  the  bold  outline  of  treeless  ranges  stretching  in  a  dim  line 
seaward.  Looking  towards  the  east,  the  less  obstructed  view  traces  the  line  of  diminished 
vegetation,  plainly  and  somewhat  abruptly  marked,  in  going  downward  on  the  steep  slope. 
Irregular  mountain  peaks,  and  ranges  of  a  dull,  ashy  color  stand  out  in  view  in  close  proximity, 
and  below  all  stretches  the  brown  plains  of  the  desert,  extending  to  the  hazy  marked  line  of  the 
Colorado  river. 

Descending  from  the  summit  westward,  you  pass  down  luxuriantly  grassed  valleys,  edged 
with  scattering  pine  and  oak  groves,  and  watered  by  cold,  perennial  streams,  until  an  abrupt 
descent  to  a  lower  level  brings  you  again  into  wider  basin-shaped  valleys,  bounded  on  all  sides 
by  rocky  ridges.  The  streams  spread  out  into  low  grassy  or  sedgy  marshes,  and  the  pine  growth 
gives  place  to  the  lowland  oak,  with  its  peculiar  undergrowth.  Continuing  thus  by  a  series  of 
gentle  swells  and  abrupt  descents,  you  pass  almost  insensibly  the  different  ranges,  till  the 
smooth,  brown  outline  of  the  coast  range  indicates  your  proximity  to  the  sea. 

In  the  summer  season  you  wind  down  broad  valleys,  marked  by  the  dry,  pebbly  beds  of  winter 
streams ;  herbage  is  dry  and  wiry,  and  water  confined  to  a  few  willow-shaded  marshes  or 
isolated  springs.  Opening  on  the  sea,  you  traverse  dry  moorland  hills,  dropping  down  to  the 
sea-level  in  the  bed  of  some  wide,  sandy  valley,  which,  with  its  sides  bounded  by  precipitous 
walls  of  coarse  sand  and  pebbles,  finally  spreads  out  into  wide  saline  flats,  cut  up  by  tide 
estuaries,  and  terminates  on  the  ocean  beach. 

Proceeding  from  the  same  summit  ridge  in  the  opposite  direction  (eastward)  from  its  pine 
fringed  heights  and  rich  green  sward,  you  drop  by  a  steep  descent  into  pent-up  valleys  bounded 
by  ashy-colored  mountains.  The  streams  which  flow  in  the  upland  ravines  are  soon  lost  in 
their  thirsty  beds.  The  valleys  near  their  exit  from  the  mountains  slope  in  a  regular  plane, 
covered  by  wide  and  dry  beds  of  streams.  Occasionally  the  passage  of  an  irregular  mountain 
chain  is  marked  by  a  rude  defile,  cutting  through  mica  slate,  or  highly  micaceous  granite. 
Thus  winding  with  occasional  passages  over  ridges  of  the  same  character,  flanked  with  rough 
pebbles,  the  desert  opens  before  you,  its  table-land  being  generally  gained  by  a  steep  ascent 
from  the  deep  bed  of  some  dried  up  stream,  along  the  course  of  which  the  geological  tertiary 
formation  is  strongly  marked  in  thick  layers  of  marl  or  sand,  surmounted  by  a  varying  bed  of 
rounded  pebbles. 

Over  the  desert  waste,  furrowed  occasionally  by  the  dry  sandy  beds  of  rain  streams,  you  pass 
insensibly  down  till  the  lake  formation  of  "New  River"  comes  into  view.  Here  the  soil 
acquires  a  sedimentary  character  ;  fresh-water  shells  are  scattered  here  and  there.  The  imme- 
diate lake  edges  and  lower  depressions  are  bordered  by  a  growth  of  mezquite,  while,  in  its 
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proper  season,  large  patches  of  annual  grama  grass  relieves  the  desert  of  its  barren  aspect,  and 
transfers  the  mind  to  scenes  of  neatly  trimmed  pleasure  grounds  setoff  with  verdant  shrubbery. 

The  next  stretch  mounts  again  to  the  pebbly  strewn  table-land  of  the  desert,  from  which 
you  descend  further  by  the  steep  sandy  bluff  which  bounds  the  bottom  land  of  the  Colorado 
river, 

8TBEAM8  AND  WATBB-COUBSES. 

t  *  ■ 

A  consideration  of  the  character  of  the  various  streams  and  water-courses  in  this  region 
belongs  properly  to  the  view  of  its  external  features,  and  derives  especial  interest  from  the 
intimate  relations  they  sustain  to  climate  and  agricultural  resources.  On  the  western  slope  the 
various  streams,  each  draining  a  very  limited  area,  are  remarkable  more  for  their  number  than 
their  magnitude.  Having  their  main  sources  near  the  mountain  summit,  they  pursue  their 
tortuous  course  towards  the  sea,  following  all  the  irregularities  interspersed  by  the  separate 
mountain  ranges  and  their  projecting  spurs.  By  these  devious  courses  the  descent  is  finally 
accomplished  without  occasioning  falls  or  cascades,  which  are  so  commonly  associated  with 
mountain  streams  elsewhere. 

Their  volume  being  necessarily  dependent  on  the  supply  from  local  rains,  they  generally 
attain  their  greatest  bulk  towards  the  close  of  the  rainy  season,  when  the  melting  snows  at  their 
sources  combine  with  frequent  showers  below  to  swell  their  volume.  •  As  the  dry  season  ad- 
vances they  gradually  contract  their  dimensions,  till  in  the  month  of  July  most  of  the  streams 
near  their  mouth  become  absorbed  in  their  porous  sandy  beds.  The  exception  to  this  general 
fact  is  seen  only  in  those  streams  which,  having  their  sources  in  the  higher  mountain  ridges, 
receive  a  sufficiently  constant  supply  to  exceed  the  amount  lost  by  evaporation. 

The  drying  up  of  the  stream  beds  is  a  gradual  process,  necessarily  modified  by  the  compara- 
tive dryness  of  the  atmosphere,  as  also  by  the  relative  absorbent  or  retentive  character  of  their 
beds. 

The  point  at  which  water  ceases  to  flow  is  quite  variable ;  its  more  usual  upward  limit  being 
marked  at  or  near  the  passage  of  the  stream  from  the  first  rocky  ranges  into  the  Tertiary 
formation.  The  point,  however,  as  before  stated,  is  by  no  means  a  fixed  one  ;  thus,  during  the 
night  it  extends  further  downwards  thnn  in  the  daytime ;  in  cloudy  weather,  for  the  same 
reason,  its  course  is  more  prolonged  than  under  a  clear  sky.  In  the  stream  beds  themselves, 
however  dry,  water  is  generally  found  a  short  distance  below  the  surface. 

The  descent  of  these  streams  in  the  rainy  season  may  be  either  a  gradual  process  in  the  pro- 
gressive saturation  of  their  sandy  beds,  or  the  saturation  being  accomplished  by  previous 
showers,  the  irruption  may  be  sudden.  A  fine  example  of  this  sudden  appearance  was  observed 
in  the  San  Diego  river,  in  December,  1849  ;  when,  after  a  rainy  night,  by  which  its  sandy  bed 
was  completely  saturated,  the  upper  stream  suddenly  appeared  in  the  form  of  a  foaming  body 
of  water,  moving  onward  at  the  rate  of  a  fast  walk,  curling  round  the  river  bends,  absorbing 
the  pools,  and  soon  filling  its  shallow  bed  with  a  brimming  swift  current. 

An  instance  of  the  more  gradual  descent  was  seen  on  the  following  season,  December,  1850, 
when,  from  the  absence  of  local  rain,  its  downward  progress  was  slow  and  interrupted. 

The  facts  connected  with  this  supply  of  running  water  seems  to  deserve  particular  attention 
in  this  region,  where  its  presence  or  absence  is  synonomous  with  barrenness  or  fertility. 
11  M 
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The  streams  of  southern  California  are,  in  truth,  the  life-blood  of  it«  agriculture,  and  the 
means  to  be  adopted  to  extend  this  supply  can  only  be  efficiently  based  on  a  clear  understanding 
of  all  their  separate  relations,  both  as  to  atmospheric  conditions  and  geological  structure.  In 
many  of  the  old  minion  establishments  extensive  lines  of  masonry  were  constructed,  by  means 
of  which  the  streams  were  tapped  a  short  distance  above  their  place  of  sinking,  and  a  vigorous 
irrigating  supply  conveyed  to  the  lower  portions  of  the  valley,  thus  rendering  productive  lands 
otherwise  useless  for  all  the  common  purposes  of  cultivation. 

It  is  therefore  in  the  true  character  of  these  streams — with  reference  to  their  sources,  their 
beds,  the  elevation  and  geological  structure  of  their  banks  and  bottoms — that  we  are  to  look 
for  the  fairest  general  idea  of  the  agricultural  capacities  of  this  region. 

But  it  must  further  be  remarked  that  it  is  not  to  these  mountain  sources  alone  that  we  must 
look  for  the  needful  supply  of  water  ;  occasional  springs  in  the  lowest  portions  of  valleys  fre- 
quently furnish  a  constant  flow  sufficient  to  meet  the  demands  of  cultivation  over  a  limited  area. 

Thus,  the  extensive  mission  of  San  Luis  Bey,  proverbial  for  its  vertility,  depended  almost 
entirely  upon  such  sources  of  supply.  Similar  examples  in  other  parts,  though  rare,  may 
furnish  useful  indication,  in  directing  the  location  of  artificial  means  of  supply,  by  the  con- 
struction of  Artesian  wells. 

Beferring  to  the  character  of  the  streams  on  the  eastern  mountain  slope,  we  have  before 
noticed  their  abruptness,  also  the  rapid  diminution  of  volume  which  they  undergo  in  their  steep 
descent.  The  excessive  dryness  of  the  atmosphere,  and  the  more  absorbent  character  of  the 
strata  through  which  they  pass,  serves  to  exaggerate  all  their  peculiarities,  as  compared  with 
the  opposite  slope.  The  streams,  equally  as  vigorous  at  their  sources  as  those  of  the  other  slope, 
are  quickly  absorbed  in  their  course,  and  none  at  any  time  acquire  sufficient  volume  to  be 
entitled  to  the  name  of  river  affluents.  Thus,  though  the  existence  of  wide  and  deeply  cut 
stream  beds  show  the  occasional  agency  of  powerful  streams,  derived  from  the  rapidly  embodied 
force  of  copious  rains,  yet  their  rare  occurrence  and  short  continuance  only  serve,  in  the  main, 
to  give  an  exaggerated  feature  of  barrenness  and  desolation  to  a  region  where,  during  the 
greater  part  of  the  year,  scanty  supplies  of  water  are  only  attainable  from  stinted  and  unwhole- 
some springs. 

The  point  at  which  water  ceases  to  flow  is  extremely  variable,  and  exhibits  a  singular  inter- 
mittent character :  thus,  in  the  morning  you  may  cross  over  quite  a  large  brook,  and  at  the 
same  place,  by  noon,  find  it  entirely  dried  up,  to  show  itself  again  when  the  diminished 
evaporation,  at  night,  allows  the  ground,  instead  of  the  atmosphere,  to  receive  its  aqueous 
tribute.  Often  you  meet  with  streams,  near  the  lower  mountain  slope,  present  at  one  point  of 
their  course  and  absent  at  another,  thus  constantly  varying,  according  to  the  relative  absorbent 
or  retentive  character  of  their  beds. 

On  the  desert  plains,  the  stream  courses  arc  marked  by  wide  beds,  with  more  or  less  abrupt 
banks,  cutting  through  6trata  of  sand,  marl,  or  coarse  gravel.  Near  the  mountain  base  they 
exhibit  steeply  inclined  plains,  strewn  with  a  variety  of  rounded  and  angular  pebbles. 

In  the  re-cntcring  angles,  formed  by  the  irregular  projection  of  mountain  spurs,  these  plains 
often  attain  an  elevation  of  nearly  one-half  the  mountain  height,  and  arc  taken  advantage  of  in 
the  selection  of  passes. 

But  the  point  of  all  others  which  has  attracted  most  attention,  in  reference  to  tho  distribution 
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of  water  on  this  desert  plain,  is  to  be  noted  in  that  singular  feature,  to  which  the  name  of 
"  New  River"  has  been  applied  by  the  Californian  emigrants. 

The  idea  naturally  conveyed  by  this  name  is  that  of  a  running  stream,  arising  in  the  desert 
and  flowing  towards  the  Colorado  river,  but  its  true  character  is  quite  the  reverse  ;  the  current 
itself,  which  is  by  no  means  constant  and  at  all  times  irregular,  is  in  the  opposite  direction,  or 
from  the  Colorado,  while  its  bed,  instead  of  exhibiting  the  features  of  a  regularly  washed  stream 
batik,  shows  only  a  chain  of  lagoons  or  marshes  irregularly  connected,  and  often  spreading  over 
extensive  tracts,  or  at  other  times  contracted  within  narrow  beds.  Its  novelty,  moreover,  is 
sufficiently  disproved  by  the  presence  of  heavy  mezquite  growth,  and  other  plants  and  shrubbery 
usually  associated  with  the  presence  of  water  in  this  region.  Indeed,  all  the  singular  features 
in  the  case  are  now  sufficiently  accounted  for,  in  the  ascertained  fact  (first  suggested  by  Major 
Emory  from  barometric  observations)  of  the  existence  of  a  natural  depression,  at  this  point, 
below  the  level  of  the  Colorado  river  at  high  water.  The  connexion  between  the  overflow  of  the 
one  and  the  appearance  of  the  other  has  been  frequently  observed,  though  the  exact  course  of 
this  connexion  has  not  yet  been  traced  out.  Still,  all  the  facts  in  the  case  derive  their  full 
explanation  by  referring  it  to  this  peculiarity  of  the  Colorado  river,  which,  seeking  an  outlet 
for  its  swollen  waters,  spreads  them  in  fertilizing  deposits  to  such  a  great  distance  from  its 
usual  bed. 

LAKES  AND  LAGOONS. 

Mountain  lakes  are  of  very  rare  occurrence  in  any  part  of  the  region  under  examination. 
The  only  body  of  water  that  I  am  acquainted  with  really  deserving  the  name  of  a  lake,  is  found 
on  the  western  slope  of  the  mountains,  near  the  parallel  of  33°  30'  north  latitude,  and  some 
twenty-five  miles  distant  from  the  ocean.  It  is  about  five  miles  long,  by  from  two  to  four  in 
breadth.  It  has  no  outlet,  and  its  waters  are  consequently  brackish.  It  is  also  apparently 
shallow,  and  exhibits  along  its  banks  marks  of  recent  aud  continuous  recession,  plainly  indi- 
cating a  gradual  exsiccating  process.  What  adds  to  the  interest  of  this  latter  fact,  is  the 
explanation  it  seems  to  offer  of  the  original  condition  of  some  of  the  more  fertile  basin  valleys, 
which  exhibit  all  the  characters  of  a  lacustrine  origin,  to  which  they  now  owe,  in  a  great 
measure,  their  fertility.  A  fine  example  of  this  may  be  noticed  in  the  rich  and  extensive  valley 
known  as  the  San  Bernardino.  It  is  seen  encircled  by  high  mountains  on  all  sides,  and  seems 
to  have  derived  its  subsequent  drainage  by  the  Santa  Anna  river,  which  is  now  observed  passing 
through  an  elevated  range  of  tertiary  mountains  towards  the  ocean. 

On  the  desert  plain  of  the  eastern  Bide  of  the  mountains,  report  speaks  of  one  or  more 
extensive  salt  lakes,  but  no  opportunity  was  afforded  for  a  personal  examination  of  their  true 
character  or  extent.  The  fresh  water  lakes  and  lagoons  belong  to  the  "New  River"  formation, 
which  has  been  sufficiently  noticed  above. 

II.-GEOLOGY  AND  MINERAL  PRODUCTIONS. 

Directing  the  attention  more  especially  to  the  geological  structure  of  this  region,  we  have  to 
consider  the  same  mountain  range,  in  its  line  of  greatest  elevation,  constituting  a  central  axis 
from  which  we  may  trace  on  each  side  the  diversities  that  characterize  its  extended  flanks. 

By  reference  to  the  accompanying  geological  map  and  sections,  three  main  fecta  will  particu- 
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larly  claim  our  attention,  and  serve  at  the  same  time  as  the  most  natural  division  by  which  to 
unfold  the  entire  subject. 

1st.  The  great  preponderance  of  crystalline  metamorphic  granite  pertaining  to  the  older 
paleozoic  series  of  rocks. 

2d.  The  entire  absence  of  any  member  of  the  lower  paleozoic,  or  secondary  rocks,  in  their 
regular  stratified  character. 

3d.  The  existence  of  extensive  Tertiary  deposits,  forming  a  more  or  less  extended  flank,  on 
each  side  of  the  m  untain  range. 

1st.  In  reference  to  the  preponderating  granite  formation,  as  exhibited  in  the  central  axis, 
and  main  development  of  the  mountain  range,  we  shall  notice  a  considerable  diversity  of  form 
and  structure,  but  all  evidently  pertaining  to  the  same  general  formation  of  metamorphic  rocks 
in  their  different  exposures.  Illustrative  specimens  are  characterized  by  Professor  Hall  in  the 
accompanying  list,  to  which  reference  may  be  had  for  special  characters. 

The  central  axis  is  represented  by  a  somewhat  variable  mottled  granite,  composed  of  various 
proportions  of  quartz,  feldspar,  mica,  and  hornblende,  frequently  containing  imbedded  crystals 
of  tourmaline.  The  exposed  mass  varies  greatly  in  the  degree  of  aggregation  of  its  component 
materials,  assuming  in  some  places  a  close  sienitic  texture,  while  in  others  a  larger  proportion 
of  feldspar  renders  it  more  readily  decomposable  by  disintegrating  causes — its  exposed  face 
easily  crumbling  into  a  coarse,  granitic  sand. 

At  other  points  the  preponderance  of  mica,  confusedly  mixed  in  large  scales,  serves  to  give  a 
very  irregular  form  to  the  external  rock  exposures. 

Belonging  also  to  the  same  series,  we  find,  particularly  on  the  eastern  side  of  the  range,  mica 
and  talcose  slates  associated  with  quartz  veins. 

The  irregular  rocky  range  immediately  adjoining  the  coast,  and  also  probably  composing  the 
numerous  rocky  islands  extending  at  variable  distances  seaward  along  the  same  line  from  north- 
west to  southeast,  present  a  distinct  form  of  eruptive  rock,  described  by  Professor  Hall  as 
"greenstone,  with  soft  cMorilic  spots,  or  blotches,"  and  "porphyry,  or  porphyritic  greenstone." 
This  character  of  rock  forms  the  first  extensive  range  of  mountains  east  of  Ban  Diego  Bay,  and 
attains  an  elevation  in  some  of  the  higher  peaks  of  2,500  feet  above  the  sea. 

Further  to  the  north,  in  the  vicinity  of  San  Luis  Rey,  several  isolated  peaks  exhibit  a 
basaltic  structure,  weathering  into  peaked  domes,  with  abrupt  columnar  faces.  Professor  Hall 
considers  all  the  rocks  of  this  series  as  of  quite  recent  origin,  compared  with  the  central  granite 
series  above  mentioned.  As  sustaining  this  view,  we  observe  further  north,  in  continuation  of 
this  range,  near  Santa  Barbara,  evidences  of  disturbed  Tertiary  rocks  associated  with  similar  or  . 
more  recent  igneous  exposures. 

The  isolated  mountain  peaks  and  ranges  adjoining  the  Colorado  River  exhibit  a  sienitic 
texture,  which,  by  exposure  to  the  dry  atmosphere,  acquires  a  deep  brown,  polished  face,  giving 
a  peculiar  and  forbidding  aspect  to  the  bare  mountain  scenery 

These  sienitic  rocks  are  frequently  associated  with  gneiss,  exhibiting  a  very  distinct  stratified 
character,  occupying  a  position  external  to  the  adjacent  igneous  rocks. 

The  immediate  junction  of  the  Gila  and  Colorado  Rivers  is  marked  by  a  singular  geological 
formation.  It  is  composed  of  an  irregular  series  of  rounded  knolls,  attaining  a  height  of  thirty 
to  eighty  feet  above  the  river  level. 
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The  summit  and  sides  of  thes*  knolls  we  strewn  over  with  the  erratic  fragments  which  pertain 
to  the  continnons  desert  formation,  and  which  conceal  the  central  nucleus,  except  in  the  deep 
cleft  made  by  the  passage  of  the  Colorado  just  below  its  junction  with  the  Gila.  At  this  point 
we  see  the  central  nucleus  forming  an  irregular  breccia,  composed  of  variously  sired  blocks, 
frequently  massive.  The  rock  is  a  form  of  greenstone,  streaked  with  epidote.  The  Cementing 
material  is  apparently  derived  from  the  natural  decomposition  of  the  contained  rock.  On  the 
western  side,  near  the  level  of  low  Water,  there  iB  an  underneath  exposure  of  a  dark-colored 
\ma8s,  composed  of  epidote,  with  talc— the  latter  being  occasionally  granular.  This  material  is 
Been  shooting  upward  into  the  snperincumbe'rit  breccia  in  "the  form  of  veins,  and  would  seem  to 
hold  Borne  close  relation  with  the  disturbing  cause  below. 

The  external  features  of  this  singular  formation  we  have  endeavored  to  represent  in  sectional 
sketches.— (See  part  1,  pages  128,  129.) 

The  Tertiary  formation. — The  Tertiary  formation  which  flanks  the  mountain  range  on  the 
West  extends  to  the  Pacific  coast,  forming  a  belt  of  variable  extent  and  thickness,  and  composed 
of  various  stratified  deposits. 

The  strata  adjoining  the  sea  occasionally  presents  abrupt  ocean  bluffs,  washed  by  the  waves 
at  high  tide  ;  through  the  same  formation  the  various  streams  cut  their  way,  forming  deeply 
trenched  valleys.  The  strata  thus  exposed  in  the  sides  of  valleys  exhibit  a  alight  dip  toward 
the  sea,  and  are  seen  to  be  composed  of  alternate  beds  of  coarse  sand,  clay,  or  marl,  with  occa- 
sional beds  of  intcrstratified  pebbles,  all  smoothly  rounded,  and  variable  in  size. 


tenos  or  uaxrn  Tiirrr  **ab  iAK  »nwo. 


A.  Coarse,  feraginotu  Hid,  with  occasional  m  ten  trati  fled  pebbles,  weathering  very  irregularly  into  fantastic  shapes, 
forming  miniature  peak*  and  ridge*. 

B.  Course,  white  .md,  in  even,  horizontal  strata. 

C.  Drab-colored  sandstone. 

D.  Fine-grained  sand,  varying  in  color  from  buff  to  light-gray,  containing  thin  scams  of  sulphuret  of  iron. 

E.  Tough  clay,  containing  an  Irregular  scam  of  lignite,  with  smaller  portions  of  mineralized  bitumen. 

In  the  vicinity  of  San  Diego,  and  plainly  exposed  in  the  steep  bluffs  which  bound  the  lower 
part  of  the  river  valley  at  this  place,  is  observed  a  distinct  fossiliferous  layer,  having  a  thickness 
of  about  thirty  feet.  Its  lower  members,  resting  on  micaceous  sand  or  clay,  are  not  more  than 
twenty  feet  above  the  present  sea  level. 

The  contained  fossils  are  made  up  mainly  of  silicified  casts  of  marine  shells,  imbedded  in  a 
calcareous  medium  of  more  or  less  close  texture.    The  individual  forms  of  fossil  species  are 
quite  numerous,  though  the  number  of  distinct  species  is  not  great ;  the  most  abundant  and  . 
widely  spread  is  a  species  of  TurrUdia.— (See  Plate  No.  XIX,  fig.  8.) 
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This  formation  is  distinctly  traceable  at  various  points  np  the  coast,  and  in  the  neighborhood 
of  Santa  Barbara  is  seen  to  form  mountain  masses.  Wherever  noticed,  it  is  overlaid  by  various 
sandy  layers,  forming  an  upper  capping  of  very  variable  thickness. 

The  irregular  layer  of  interstratified  pebbles,  so  frequently  seen  in  hill-sides,  seems  hardly 
capable  of  being  referred  to  any  distinct  place  in  the  general  Tertiary  series.  Their  most 
abundant  occurrence,  however,  near  the  mouths  of  valleys  opening  on  the  sea,  sufficiently  indi- 
cate that  they  are  derived  from  the  combined  agency  of  river  transportation  and  tide-washing — 
having  attained  their  present  position  by  subsequent  land  elevations. 

The  junction  of  this  Tertiary  formation  with  the  adjoining  granite  or  igneous  rocks  is  seen  in 
a  general  thinning  out  of  the  former,  which,  at  last,  barely  mantling  the  protruding  rocks,  is 
blended  with  the  result  of  present  decomposing  agencies. 

Natural  terraces  and  table  summits. — Another  interesting  geological  feature,  observable  in  the 
post  Tertiary  strata  adjoining  the  coast,  is  the  existence  of  natural  terraces  and  table  summits, 
of  various  elevations,  and  their  evident  connexion  with  ancient  sea  levels — thus  indicating  suc- 
cessive periods  of  land  elevations. 

A  series  of  at  least  three  of  these  terraces  is  distinctly  noticeable  near  the  initial  point  of 
boundary  on  the  Pacific. 

The  highest  of  these  is  exhibited  in  that  striking  landmark  appropriately  named  "Table 
Mountain."  Visible,  far  out  at  sea,  and  attaining  an  elevation  of  not  less  than  one  thousand 
feet  above  the  present  sea  level,  it  presents  a  distinct  outline  of  abrupt  slopes  terminated  by  a 
regular  flat  table  summit.  As  it  now  stands  in  its  isolated  character,  and  not  far  from  the  sea 
beach,  it  appears  to  be  altogether  unique,  though,  doubtless,  more  extended  and  accurate  obser- 
vation of  height  and  situation  would  show  its  connexion  with  some  of  the  higher  terraced 
elevations  adjoining  the  interior  mountain  slopes. 

The  next  step  in  the  descending  series  is  represented  in  the  average  level  of  the  post  Tertiary 
bluffs  and  hills  near  the  coast,  say  at  a  present  elevation  of  two  hundred  to  four  hundred  feet 
above  the  sea.  The  irregular  character  of  the  deposit,  at  various  points,  and  the  evidence  of 
long-continued  denuding  influences,  have  necessarily  obscured  the  general  level;  or,  as  we  may 
suppose,  the  land  elevation  at  this  period  was  itself  irregular  or  alternating  with  periods  of 
depression.  It  may  further  be  remarked,  as  substantiating  this  latter  view,  that  the  deposits 
here  exhibited  are  those  most  abundantly  characterized  by  the  presence  of  transported  rounded 
pebbles,  irregularly  distributed,  as  we  have  seen,  along  the  course  of  valleys  of  denudation. 

The  third  well  marked  terrace  formation  in  the  descending,  or  more  recent  series,  occurs  in 
close  proximity  to  the  present  sea  beach,  and  is  characterized  by  a  more  alluvial  deposit,  and  also 
the  first  appearance  of  recent  marine  Bhells,  strewn  irregularly  over  its  surface  in  comminuted 
fragments.  A  fine  example  of  this  formation  is  met  with  where  the  initial  point  of  boundary 
on  the  Facific  is  marked  by  the  first  monument.  Attaining  an  elevation  of  forty  to  fifty  feet 
above  present  tide  water,  it  presents  a  steep  slope  seaward,  and  extends  in  quite  a  regular 
terrace  to  the  adjoining  broken  hills,  before  noticed,  as  constituting  the  middle  terrace  for- 
mation. 

This  lost  step  in  the  series  presents  in  its  organic  remains,  and  more  alluvial  character,  an 
approach  to  the  present  alluvial  tracts  of  this  region. 
Further  north,  where,  from  the  western  bend  of  the  coast  the  Tertiary  belt  acquires  its 
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broadest  dimensions,  we  have  apparently  the  formation  last  considered  represented  in  those 
extensive  plains  which,  extending  inland  from  the  sea  often  several  leagues,  give  character  to 
that  section  of  country  by  increasing  its  agricultural  capacity. 

The  commencement  of  these  plains  on  the  south  may  be  seen,  by  reference  to  the  map,  to 
correspond  with  the  greater  development  of  the  Tertiary  formation,  both  in  extent  and  thick- 
ness. 

Thus  to  the  N.E.  of  San  Juan  Capistrano  the  Tertiary  deposits  form  an  elevated  mountain 
range,  attaining  a  height  of  two  thousand  feet  or  more  above  the  sea.  Here,  also,  are  exhibited 
the  first  signs  of  internal  disturbance  in  abrupt  and  variable  inclinations  of  the  Tertiary 
strata. 

As  the  necessary  result  of  all  these  conditions  we  have  a  more  abundant  supply  of  material, 
under  the  natural  denuding  influences,  for  the  formation  of  the  lower  terraces,  or  the  plains, 
under  consideration. 

Some  of  these  plains,  encircled  by  higher  Tertiary  hills,  represent  in  outline  beds  of  extensive 
sea  bays,  of  a  previous  era,  now,  by  the  elevating  agencies  at  work,  converted  into  their  more 
attractive  land  features.  A  fine  example  of  this  latter  fact  may  be  noticed  on  the  accompanying 
map  as  the  "Santa  Anna  Plain." 

Desert  formation— The  corresponding  Tertiary  formation  on  the  eastern  side  of  the  mountains 
must  now  claim  our  attention.  And  first,  it  will  be  remarked,  in  contrast  with  what  we  have 
noticed  on  the  opposite  Pacific  slope,  that  the  line  of  junction  between  the  crystaline  rock  and 
the  Tertiary  belt  is  more  distinctly  marked. 

The  character  is  well  exhibited  where  the  stream  courses  from  the  mountains  enter  the  Desert 
plains.  They  are  there  seen  cutting  their  way  through  the  Tertiary  strata  and  presenting  deep 
vertical  sections  of  their  stratified  deposits,  consisting  of  marls,  sands,  and  clays,  with  a  very 
constant  accompaniment  of  stratified  pebbles,  the  latter  of  greater  or  lesser  thickness,  and  forming 
the  most  usual  upper  capping,  which  constitutes  the  table  summit  of  the  Desert  plateau. 

It  is  in  the  marl  and  clay  deposits  that  gypsum  makes  its  appearance,  being  frequently  washed 
out  along  the  edges  of  the  steep  bluffs  in  the  form  of  shining  flakes  of  selenite.  Here,  also, 
occur  the  first  marine  fossils  found  to  characterize  the  formation,  including  species  of  ostrea. 

This  marl  formation,  thinning  out  to  the  eastward,  gives  place  to  coarse  sandy  layers  of  great 
thickness ;  thence  forming  the  exclusive  substratum  of  the  desert,  and  extending  to  the  table 
bluffs,  which  bound  the  alluvial  bottom  of  the  Colorado  river.  In  this  last  situation  it  exhibits 
a  perpendicular  wall  60  feet  or  more  in  height,  overlaid  by  pebbly  deposits,  having  an  average 
thickness  of  20  feet,  more  or  less.  These  pebble  deposits  are  in  this  situation  frequently 
cemented  by  a  calcareous  medium  more  or  less  compact,  and  occasionally  forming  a  close  cre- 
taceous conglomerate. 

It  is  in  the  geological  features  thus  sketched  that  we  can  best  indicate  the  true  desert  char- 
acter of  this  region,  covering  a  vast  extent  of  country,  and  forming  the  plateau  through  which 
all  the  rivers  of  this  region  take  their  course.  Its  deep  porous  layers  rapidly  absorbing  the 
waters  of  occasional  heavy  showers  by  which  it  is  visited  in  the  latter  summer  months,  it 
spreads  forth  at  other  times  an  arid  waste  often  under  a  burning  sun.  The -wonder  is  that 
vegetation  in  any  of  its  forms  can  procure  the  elements  for  a  stinted  growth. 


The  further  relation  of  these  strata  to  the  supply  of  water  for  the  use  of  travellers  is  of  great 
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importance,  and  may  be  briefly  alluded  to  hero.  It  was  formerly  supposed  that  no  natural 
reservoirs  of  fresh  water  sufficient  for  the  supply  of  men  and  animals  existed  over  the  entire 
distance  of  80  miles,  from  the  mountain  base  to  the  Colorado  river.  The  subsequent  discovery 
of  extensive  depressed  areas,  as.  that  constituting  "New  Biver,"  retentive  both  of  rain  water 
and  river  overflows,  has  materially  shortened  these  "dry  stretches,"  as  they  are  termed, 
especially  in  certain  seasons.  Doe  to  the  same  general  cause,  depressed  areas,  that  have  no 
connexion  with  flowing  water,  are  the  salt  lakes  of  greater  or  leas  extent ;  the  degree  of  saline 
impregnation  necessarily  varying  according  to  the  amount  of  aqueous  supplies  from  local  tains, 
f  he  water,  however,  is  rarely,  if  ever,  suitable  for  drinking  purposea. 

Even  on  the  higher  upland  plateaus  water  is  occasionally  found  in  the  beds  of  shallow 
streams,  where  the  product  of  recent  rains  is  retained  by  a  clay  substratum,  the  upper  sandy 
layers  serving  to  check  the  evaporation  ;  but  such  uncertain  sources  cannot,  of  course,  be  safely 
depended  on  during  the  greater  part  of  the  year. 

The  practical  question  arises,  whether  permanent  water  can  be  obtained  by  piercing  the 
coarse  Bandy  layers  to  a  sufficient  depth  to  reach  a  still  lower  impervious  stratum  ?  As  bearing 
on  this  question  we  may  cite  the  irregular  character  of  the  argillaceous  beds,  as  seen  in  various 
exposures  of  the  lower  strata.  This  irregularity  of  strata  indicates  the  great  probability  of 
finding  lower  basins  of  water  of  considerable  extent  and  capacity  connected  with  sources  of 
supply  sufficiently  elevated  to  flow  over  the  surface  at  the  point  of  excavation. 

Still  another  important  question  would  come  up,  whether  the  water  reached  by  permeating 
through  such  a  depth  of  saline  soil  would  not  be  so  much  impregnated  with  saline  matters  as 
to  be  unfit  for  use?  But  these  are  questions  to  be  determined  by  direct  experiment,  and  not  by 
theory. 

The  "New  Biver"  formation,  in  a  geological  point  of  view,  must,  as  we  have  before  re- 
marked, be  regarded  only  as  a  natural  depression  in  the  tertiary  series,  having  a  direct  con- 
nexion with  the  flowing  water  of  the  Colorado  river.  Its  original  lacustrine  character  is 
sufficiently  seen  and  limited  by  the  presence  of.  fossil  fresh  water  shells,  including  species 
identical  with  those  now  found  living  in  lagoons  adjoining  the  Colorado.  Among  these  we 
notice  Planorbis,  Pkysa,  Anandorxta ;  and  besides  these  a  small  univalve  near  Bessoa,  quite 
abundantly  scattered,  and  often  drifting  in  small  heaps  over  the  alluvial  sandy  tracts  which 
adjoin  the  lower  depressions. 

The  further  relation  of  these  facts  to  vegetation  and  agricultural  capacity  will  be  alluded  to 
elsewhere. 

MINEBAL  PBODUCTIONS  OF  SOUTHEBN  CAL1FOBNIA. 

The  inferences  to  be  drawn  from  the  above  geological  sketch,  as  regards  the  actual  or  pros- 
pective mineral  products  of  this  region,  may  here  be  properly  summed  up,  following  out  the 
same  general  order  as  before  laid  down. 

1st.  The  preponderance  of  the  crystalline  granite  rocks,  constituting,  as  we  have  seen,  the 
great  body  of  thiB  mountain  range,  is  unfavorable  to  the  existence  of  extensive  or  valuable 
mineral  products.  Neither  doeB  this  view  seem  at  present  likely  to  provo  erroneous  by  the 
recent  impulse  given  to  mineral  discoveries  en  this  coast. 

Many  persons,  arguing  solely  from  the  general  similarity  of  features  between  certain  sections 


Digitized  by  Googl 


SOUTHERN  CALIFORNIA. 


89 


in  this  region  and  the  gold  district  to  the  north,  have  supposed  that  an  equally  diligent  search 
here  would  yield  a  like  reward  to  the  explorer. 

Nothing,  however,  has  yet  been  brought  to  light  to  substantiate  this  view.  The  washing  of 
the  different  stream  beds  odly  shows  the  existence  of  iron  in  the  form  of  black  sand,  and  no 
traces,  or  very  indifferent  ones,  of  the  precious  metals.  This  absence  of  metals  we  should 
naturally  expect  where  the  crystaline  rocks  prevail.  It  is  on  the  eastern  slope  of  the  mountains, 
where  talcose  slate  makes  its  appearance,  with  accompanying  quartz  veins,  that  we  have  most 
reu.iun  to  expect  a  correspondence  with  the  gold  district  of  the  north.  Still  no  discoveries  have 
as  yet,  pointed  to  any  valuable  result ;  the  quartz  veins  examined  exhibit  a  very  uniform  thick- 
ness of  about  12  inches,  and  maintain  a  direction  nearly  north  and  south,  without  showing  any 
disposition  to  form  branches ;  all  of  which  circumstances  must  be  considered  as  unfavorable  to 
mineral  productions. 

It  must  be  left  to  future  exploration  to  determine  the  true  value  to  be  given  to  the  mineral 
indications  of  this  district. 

The  often  reported  rumors  of  rich  copper  deposits  in  the  vicinity  of  San  Diego  I  have  not  been 
able  to  trace  satisfactorily  to  but  one  certain  source.  This  locality  occurs  at  some  distance 
south  of  the  boundary  line,  near  the  Rancho  Guadalupe.  The  spot  itself  I  have  never  visited  *, 
but  authentic  specimens  shown  me  exhibit  a  moderately  rich  copper  ore,  composed  mainly  of 
green  malachite. 

Such  a  class  of  minerals  we  may  reasonably  expect  to  find  in  connexion  with  the  extensive 
range  of  greenstone  porphyry  adjoining  the  coast. 

There  is  no  satisfactory  evidence  of  the  existence  of  silver  ore,  or  of  quick-silver,  in  the 
district  under  examination. 

2.  The  entire  absence  in  this  region  of  any  of  the  forms  of  stratified  rocks  comprised  in  the 
older  paleozoic  or  secondary  period,  serves  to  limit  still  further  the  prospective  mineral  wealth 
of  this  district.  It  excludes  at  once  the  idea,  which  has  frequently  been  in  vogue",  of  the 
existence  of  coal  belonging  to  the  carboniferous  period.  All  the  rumored  reports  of  its  discovery 
which  I  bare  been  able  to  trace  are  referrible  to  certain  forms  of  tourmaline,  or  more  commonly 
to  the  existence  of  lignite  or  mineral  asphaltum,  so  generally  associated  with  the  tertiary  strata. 

3.  The  mineral  products  pertaining  to  the  tertiary  formation  worthy  of  special  notice  are 
but  few.  On  the  Pacific  coast  we  have  to  include  the  various  forms  of  mineral  bitumen,  a  form 
of  Tertiary  chalk,  together  with  various  other  alkaline  earths. 

The  mineral  bitumen  is  quite  extensively  scattered  over  a  large  portion  of  the  Tertiary  district. 
It  occurs  in  most  abundance  where  this  formation  acquires  its  broadest  and  thickest  dimensions, 
and  is  connected  more  or  less  with  igneous  disturbance.  In  the  neighborhood  of  Los  Angeles 
it  occurs  in  the  form  of  what  are  popularly  termed  "  pitch  springs."  In  such  localities,  it  is 
observed  issuing  in  the  form  of  a  tarry  liquid,  becoming  bard  and  of  a  deeper  color  by  exposure 
to  the  air.  In  this  latter  form  it  resembles  closely  the  pitch  of  commerce,  and  is  applicable  to 
similar  uses.  In  the  vicinity  of  San  Diego  it  is  found  in  the  form  of  irregular  patches,  spattered 
over  the  sand  rock,  washed  by  high  tide.  It  is  also  frequently  met  with  in  an  erratic  form , 
being  silted  up  by  the  waves  at  various  points  along  the  ocean  beach. 

The  more  abundant  product  of  the  bitumen  springB,  in  the  vicinity  of  Los  Angeles,  is 
principally  in  use  for  the  sheathing  of  roofs,  as  a  protection  from  rain.  In  the  rough  state  in 
12  M 


90 


GEOLOGY. 


which  it  is  employed,  however,  it  has  little  to  recommend  it  on  the  wore  of  neatness,  presenting 
under  a  hot  sun  a  constant  dripping  from  the  eaves,  disagreeable  to  the  smell,  and  disastrous  in 
its  effects  on  broadcloth  and  beaver.  At  the  same  time,  becoming  thin,  it  requires  frequent 
re-application,  and  in  the  cold  rainy  season  is  liable  to  crack,  giving  rise  to  sudden  leaks.  An 
improvement  in  these  respects  might  doubtlessly  be  made,  by  forming  a  mixture  with  some 
other  material,  which  may  serve  to  add  to  its  solidity  without  impairing  its  useful  retentive 
properties.  The  material  might  also  be  used  in  many  places  in  the  construction  of  aqueous 
reservoirs,  for  retaining  the  product  of  rains  during  the  wet  season.  These  being  located  at 
sufficient  height  to  serve  the  purposes  of  irrigation,  might  thus  be  made  the  means  of  redeeming 
valuable  tracts  of  land  from  sterility. 

Still  further,  as  an  ingredient  in  the  manufacture  of  sun-dried  brick,  it  promises  to  come  into 
extensive  use,  furnishing,  at  the  same  time,  an  almost  imperishable  article,  and  admitting  of 
extended  useful  application  in  the  construction  of  buildings  and  fences,  with  a  great  saving  of 
bulk  of  material  as  compared  with  the  old  fashioned  "adobe." 

In  collecting  this  mineral  bitumen  for  the  uses  above  enumerated,  pits  of  greater  or  less  depth 
are  sunk  in  the  vicinity  of  the  bitumen  springs,  to  which  the  issue  is  conducted.  This  becoming 
hardened  by  exposure  to  the  atmosphere,  acquires  sufficient  solidity  in  cold  weather  to  render  it 
fit  for  transportation. 

Connected,  probably,  with  the  same  bituminous  formation,  we  find  frequently  exposed  in  the 
sides  of  ocean  bluffs  irregular  seams  of  lignite  associated  with  the  sands  and  clays  of  the  Tertiary 
depositee. 

The  purer  forms  of  this  mineral,  at  times,  closely  resemble  in  external  character  the  bitumens 
above  mentioned,  though  having  a  more  distinct  mineralized  structure.  It  is  usually  associated 
with  clayey  shales  more  or  less  bituminous,  and  frequently  marked  with  obscure  vegetable 
impressions.  Fossil  remains  of  lizard's  teeth  are  also,  according  to  the  examination  of  Dr. 
J.  L.  L«  Conte,  found  associated  with  this  formation.  The  lignite  never  shows  itself  in  any 
abundance,  and  neither  the  article  itself  or  the  character  of  the  strata  would  warrant  us  in 
regarding  it  of  any  economical  importance. 

It  is  to  this  source  that  most  of  the  reports  of  the  existence  of  coal  in  the  vicinity  of  San  Diego 
have  been  referred  ;  a  brief  statement  of  the  above  facts  is  sufficient  to  show  their  unfounded 
character. 

The  general  appearance  of  thiB  lignite  formation,  in  reference  to  the  commonly  associated 
strata  and  their  comparative  thickness,  is  represented  in  the  accompanying  sectional  sketch  of 
IAg*iU  Uuf,  as  seen  at  the  mouth  of  Solidad  valley,  above  San  Diego.— (See  section,  fig.  162.) 

A  third  mineral  product  pertaining  to  the  Tertiary  formation,  on  the  coast,  is  "  a  highly 
aggregated  calcareous  deposit,  resembling  chalk;"  this  article  is  found  not  generally  dis- 
tributed, but  in  irregular  beds,  sometimes  of  considerable  thickness.  In  the  absence  of  all 
other  limestone  materials,  it  is  used  for  conversion  into  a  weak  form  of  quick-lime  ;  and  it  is 
also  from  some  other  associated  alkaline  properties  employed  in  the  making  of  soap. 

In  the  tertiary  formation  on  the  eastern  side  of  the  main  mountain  range,  the  only  mineral 
productions  worthy  of  note  are  gypsum  and  common  salt.  The  former  is  quite  abundantly 
exposed  in  the  marl  strata,  near  the  mountain  base,  where  it  may  probably  be  found  to  form 
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extensive  beds.  In  its  present  inaccessible  position  it  gives  little  prospect  of  being  sought  or 
applied  to  any  useful  purpose. 

Common  salt,  as  before  stated,  is  fonnd  along  tbe  edges  of  salt  lakes  on  tbe  Desert.  In  these 
situations  it  is  said  to  be  procured  with  ease  by  superficial  digging,  and  of  very  pure  quality. 

For  mote  detailed  information  in  reference  to  the  mineralogical  character  of  the  prevaling 
rocks  and  earthy  deposits,  reference  may  be  had  to  the  list  of  geological  specimens,  prepared  by 
Professor  Hall,  of  Albany,  New  York,  which  will  be  found  in  his  report. 

The  geographical  boundaries  of  the  various  formations,  with  their  relative  developments,  are 
indicated  in  the  accompanying  map  and  sections. 

NOTE  BT  W.  H.  B. 

Assistant  Arthur  Schott  passed  over  the  tract  of  country  described  in  Chapter  V.  His 
geological  view  of  it  is  so  similar  that  I  do  not  consider  it  necessary  to  publish  it ;  but  I  give 
an  extract  from  his  report,  which  contains  some  interesting  facts  in  reference  to  the  changes 
which  have  taken  place  in  the  Great  Desert  within  the  historical  period,  and  some  general  views, 
which  I  think  are  sound,  and  are  applicable  not  only  to  the  Desert  where  it  is  crossed  by  the 
Mexican  boundary  line,  but  that  vast  region  of  desert  country  which  lies  to  the  north  of  the  line, 
and  which  spreads  out  and  probably  attains. its  greatest  breadth  in  the  region  of  the  Salt  Lake. 

Whatever  may  be  the  opinions  of  persons  interested  in  the  more  northern  lines  of  travel  and 
projected  railway  routes  to  the  Pacific,  we  cannot  shut  our  eyes  to  the  existence  of  this  Desert 
on  any  line  of  travel  south  of  the  South  Pass,  in  north  latitude  42°.  I  am  also  of  the  opinion 
that  this  Desert,  within  the  limits  of  the  United  States,  is  narrower  and  more  easily  passed  over 
by  a  railway  immediately  north  of  the  Mexican  boundary  than  on  any  parallel  to  the  north  of  it. 
An  attentive  perusal  of  the  report  of  Governor  Stevens  will  show  that  even  north  of  the  South  Pass 
vast  tracts  of  arid  and  desert  regions  were  encountered  in  the  same  longitudinal  zone,  which, 
added  to  the  rigors  of  the  climate,  form  an  almost  insurmountable  barrier  to  the  project  of 
opening  through  those  regions  any  great  highway  of  travel,  either  by  railway  or  wagon  road, 
between  the  Atlantic  and  Pacific  States. 

The  full  power  of  the  government  has  been  directed  towards  establishing  posts  and  opening 
these  northern  lines  of  travel ;  yet  we  have,  within  the  last  few  months,  seen  Fort  Laramie, 
Fort  Pierre,  and,  I  believe,  even  Fort  Kearny  abandoned  by  the  government,  owing  to  the 
absolute  sterility  of  the  soil,  and  the  impossibility  of  inducing  settlements,  or  raising  even 
vegetables  necessary  for  the  use  of  the  troops. 

The  records  of  the  Quartermaster  General' b  ofllce  show  the  long  continued  efforts  which  the 
government  have  made  to  establish  these  posts  as  nuclei  for  settlers,  and  the  utter  failure  to 
induce  settlement,  and  make  the  surrounding  country  at  all  conducive  to  the  support  of  the 
troops.  The  idea  of  carving  out  States  from  that  portion  of  the  American  continent  between 
parallels  35°  and  47°  and  the  100th  meridian  of  longitude  and  the  crest  of  the  Sierra  Madre  is 
a  chimera.  The  example  of  the  Mormons  is  often  cited  to  prove  the  capacity  of  the  country  to 
sustain  population.  They  occupy  an  oasis  in  this  great  Desert,  and  their  power  to  sustain  even 
the  population  they  have  is  by  no  means  established  beyond  a  doubt.  On  two  occasions  the 
grasshoppers  were  very  nearly  eating  them  out  and  producing  a  famine  ;  and  I  am  very  sure,  if 
it  were  not  for  their  peculiar  institutions,  which  cannot  bear  the  light  of  civilization,  they  could 
not  be  induced  to  remain  in  their  isolated  and  desert  home. 
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We  learn  from  the  report  of  Captain  Beckwith,  United  States  army,  how  very  circumscribed 
is  the  area  of  land  which  is  now  susceptible  of  cultivation  in  the  Desert,  and  the  fact  that 
families  sometimes  go  a  great  distance  from  the  settlements  for  the  advantage  of  obtaining  a  few 
acres  of  ground  susceptible  of  cultivation.  (See  page  65,  vol.  I,  Pacific  Railroad  Report.) 
When  the  truth  comes  to  be  admitted,  I  think  it  will  be  found  that  the  upper  valley  of  the  Rio 
Bravo,  embracing  New  Mexico  and  a  small  portion  of  western  Texas,  is  the  only  tract  of  land, 
within  the  limits  mentioned  in  the  preceding  paragraph,  where  a  body  of  land  is  to  be  found 
susceptible  of  sustaining  any  considerable  population.  And  yet  we  see,  since  our  occupation  of 
that  Territory,  in  1846,  the  population  has  increased  but  little,  if  at  all. 

[EXTRACT  FROM  REPORT  OF  ASSISTANT  ARTHUR  SCHOTT.] 

TERTIARY  SHORE  OF  THE  DESERT. 

Vallecito,  another  small  Indian  settlement  in  a  valley  with  a  number  of  brackish  springs' 
and  abounding  in  saline  soil,  is  situated  on  the  upper  edge  of  the  Desert  shore.  From  Vallecito 
the  road  continues  along  the  dry  bed  of  a  mountain  torrent,  deeply  filled  in  with  shifting  sand. 
This  sand  stream  seemB  to  form  one  of  the  heads  of  Carrizo  Creek,  and  winds  through  dreary 
fiats,  flanked  on  both  sides  by  the  naked,  desolate  slopes  of  the  primary  and  metamorphic 
mountains.  The  latter  finally  cease,  and  Tertiary  ridges,  supported  by  dark  masses  of  eruptive 
rocks,  take  their  place.  These  form  the  real  edge  of  the  Desert  ocean,  which,  no  doubt,  was 
once  the  bottom  of  a  wide  salt-water  basin.  The  washing  of  tidal  oscillations  upon  this  bold 
shore  caused,  probably,  the  dune-like  deposition  of  the  Tertiary  hills  along  the  foot  of  the 
western  Cordilleras.  To  confirm  this  supposition  of  their  origin,  an  isolated  group  of  seabeach- 
loving  palms  appear  to  the  left  of  the  road,  near  Carrizo  Creek,  marking,  at  the  same  time,  a 
spot  with  permanent  water.  A  brief  but  graphic  description  of  those  Tertiary  ridges  and 
hillocks  has  been  brought  before  the  public  in  Major  Emory's  report  of  1848. — (See  page  103.)  A 
sketch  of  these  hills  is  herewith  given. 

VOLCANIC  VENTS. 

Among  the  Tertiary  ridges  and  hillocks,  one  may  be  recognized  at  once  by  its  singular  shape, 
appearing  to  be  the  vent  of  some  volcanic  activity  now  silenced.  Major  Emory,  according  to 
our  knowledge,  set  forth,  prior  to  any  other  writer,  the  supposition  of  the  true  nature  of  these 
hills.  After  close  examination  we  are  able  to  corroborate  the  correctness  of  that  supposition. 
Another  not  less  convincing  proof  of  its  neptuno-volcanic  origin  may  be  sought  in  its  geo- 
graphical position,  which  is  upon  that  long  volcanic  seam,  running  north  and  south,  and  lining 
the  eastern  base  of  the  Peninsular  Cordilleras,  parts  of  which  are  still  in  activity. 
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.Some  volcanic  mad  springs  or  solfataras,  to  the  north,  in  the  Colorado  Desert,  have  been 
visited  by  Dr.  J.  Le  Conte,.  of  Philadelphia,  in  company  with  Major  Heintzelman,,U.  S.  A., 
then  commanding  officer  at  Fort  Yuma.  The  former  gives  an  interesting  account  of  his  visit 
there  in  Silliman's  Journal,  vol.  xix,  second  series,  No.  55,  January,  1855.  The  existence  of 
these  springs,  however,  was  not  altogether  a  new  discovery  of  this  party,  but  was  well  known 
before  to  the  natives  of  the  country,  who  resorted  to  this  locality  for  their  annual  supply 
of  salt. 

The  other  springs,  southeast  from  Carrizo  Creek,  and  not  more  than  twenty  miles  from  the 
lower  Colorado,  were  visited  also,  in  1853,  by  the  same  officer,  accompanied  by  a  small  party. 
The  time  this  officer  had  chosen  for  his  trip  was  about  three  months  after  a  severe  shock  of  an 
earthquake,  which  had  terrified  the  inhabitants  of  those  regions  on  the  29th  November,  1852. 

Wo  are  indebted  to  the  liberal  kindness  of  Major  J.  H.  Thomas,  the  successor  of  Major 
Heintzelman,  in  command  of  Fort  Yuma,  for  a  glance  at  the  manuscripts  of  the  latter.  The 
description  of  the  springs  and  what  was  known  is,  in  substance,  as  follows:  "There  exists, 
about  forty-five  miles  below  Fort  Ynma,  in  the  Desert  between  the  western  Cordilleras  and  the 
Colorado,  a  pond,  considered  as  an  old  orifice,  which  had  been  closed  for  several  years."  "  The 
first  shock  of  an  earthquake,  in  1852,  caused  there  a  mighty  explosion.  The  steam  rose  a 
beautiful  snowy  jet  more  than  1,000  high  into  the  air,  where  it  spread  high  above  the 
mountains,  gradually  disappearing  as  a  white  cloud. 

"  This  phenomenon  repeated  itself  several  times  in  a  diminishing  scale.  Three  months  later 
I  visited  the  place ;  jets  took  place  at  irregular  intervals,  from  fifteen  to  twenty  minutes.  '  The 
effect  was  beautiful,  as  they  rose  mingled  with  the  black  mud  of  the  pond.  The  temperature  of 
the  water  in  the  principal  pond  was  118°  Fahr.,  in  the  smaller  one  135°  Fahr.,  and  in  one  of 
the  mud  holes,  from  which  gases  escaped,  170°  Fahr.  The  air  which  escaped  was  full  of 
sulphurated  hydrogen,  and  in  the  crevices  crystals  of  yellow  sulphur  were  found.  The  ground 
near  about  was  covered  with  a  white  efflorescence,  tinged  with  red  and  yellow.  On  the  edge  of 
a  small  pond  crystals  of  sal  ammonia,  1  to  5  inches  long,  were  collected." 

CLAVIJERO'8  ACCOUNTS  OF  LOWER  CALIFORNIA. 

Other  important  data  bearing  upon  the  geology  of  Lower  California  have  been  brought 
before  the  public  a  long  time  ago  by  Clavijero,  one  of  the  missionaries  in  the  southern  part  of 
the  peninsula.  He  mentions,  in  his  Historia  de  la  Antigua  6  baja  California,  (see  Book  I, 
Chapter  II,)  "  two  lagoons  near  the  mouth  of  the  Colorado  ;  the  red  water  of  the  former  gave 
rise  to  the  river's  name."  The  water  is  described  as  being  very  caustic,  and  so  bad  that  it 
causes  instant  swelling  and  ulcers,  accompanied  by  a  burning  pain  on  any  part  of  the  body  that 
is  brought  iu  contact  with  it.  The  effect  is  said  to  last  for  several  days.  The  cause  of  these 
bad  qualities  is  likely  to  be  a  wrtain  bituminous  mineral  issuing  from  the  bottom  of  those 
lagoons,  where  some  navigators  noticed  it  first  in  weighing  their  anchors. 

Besides  these  lagoons  quite  a  number  of  interesting  facts  are  mentioned  by  the  same  author. — 
(See  Book  I,  Chapter  III,  of  his  work.)  Relating  to  the  volcanic  character  of  ttye  Bhore  skirting 
the  base  of  the  Peninsular  Cordilleras,  the  volcano  of  Mulege*,  near  27°,  is  mentioned.   It  was 
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discovered  in  1746,  by  the  missionaries ;  but  the  Spaniards  living  there  made  no  mention  of 
any  eruption  or  earthquake  caused  by  it.  Native  sulphur  and  pummice  abound  on  the  slopes 
and  in  the  vicinity  of  this  mount.  A  volcanic  axis  seems  to  traverse  the  peninsula  from  shore 
to  shore,  that  is,  from  the  mouth  of  Mulege*  River  to  the  Ballena's  Bay,  where,  besides  native 
sulphur,  much  vitriol  occurs. 

At  a  place  called  Kadakaamang,  near  the  Mission  of  San  Ignacio,  in  latitude  29°,  an  argil- 
laceous mount  is  mentioned  near  the  beach.  On  its  slope,  about  200  feet  above  the  level  of  the 
Gulf,  there  is  a  horizontal  stratum  of  fossil  shells  two  feet  thick. 

About  seven  miles  distant  from  this  place  a  great  many  fossil  oysters  are  found,  some  of  them 
being  of  extraordinary  size.  One  of  the  missionaries  collected  some  measuring  1  foot  5  inches 
long,  9  inches  broad,  and  4  inches  thick,  and  weighing  23  Spanish  pounds.  It  is  worthy  of 
notice  that  here,  and  in  other  parts  of  California,  from  such  fossil  shells  an  excellent  lime  is 
prepared. 

Around  the  Bay  of  Mulege  fossil  ostrea  are  recorded  to  be  quite  common,  especially  on  a  high 
mountain  in  the  vicinity  of  the  beach.  The  rocks  here  are  described  as  exceedingly  hard,  and 
well  adapted  to  building  purposes.  It  abounds  in  fossil  shells,  which  are  found  imbedded  in  the  • 
innermost  strata.  It  contains  also  numerous  cavities,  which  seem  to  have  been  once  occupied 
by  some  marine  animals  now  extinct.  This  certainly  proves  a  submarine  formation  of  the 
mountain. 

Rocks  of  a  similar  class  occur  frequently  along  the  whole  coast  of  the  Gulf.  Seven  or  eight 
miles  from  Loreto,  in  a  locality  surrounded  by  high  mountains,  is  a  ridge  which  is  said  to 
consist  entirely  of  layers  of  fossil  shells ;  similar  localities  are  known  to  exist  more  than  twenty 
miles  from  the  Pacific  coast,  near  the  Mission  of  San  Luis,  on  the  north  side  of  the  Sebastian 
Viscaino  bay. 

Clavijero  thus  conoludes:  "Considering  these  facts  in  connexion  with  the  various  traces  of 
volcanic  activity,  and  the  lar  number  of  islands  surrounding  the  Peninsula,  we  may 
imagine  what  revolutions  nature  has  performed  upon  this  ground.  It  is,  moreover,  beyond 
doubt  that  the  sea  has  subsided  (dccrecido)  in  many  places  along  the  coast." 

The  missionaries  of  Loreto  observed  there,  during  less  than  forty  years,  that  the  tide  marks 
of  the  sea  had  receded  many  yards  from  the  coast,  and  also  that  such  receding  was  more  per- 
ceptible on  the  west  coast.  The  whole  space  between  the  beach  and  the  mountains,  a  distance 
of  about  26  miles,  is  deeply  overlaid  with  coast  sand  (arena  litoral.)  It  is,  therefore,  evident 
that  the  Peninsula  in  its  present  configuration  has  more  width  now  than  before  our  historical 
era.  We,  may  also  surely  suggest  the  probability  of  a  continued  expansion  of  the  land,  until 
that  multitude  of  islands  around  California  shall  be  connected  with,  each  other  and  be  con- 
solidated finally  with  tbe  main  land. 

VOLCANISM  THROUGn  THE  GULF  BASIN. 

Nerth  of  Carrizo  Creek  the  country  between  the  Gulf  Basin  and  the  Pacific  exhibits  perfect 
congruity  of  petrographic  features.  There  is,  for  instance,  the  Pass  8an  GorgoHo  y  Bernardino, 
lormetl  by  two  huge  mountain  masses,  with  an  elevation  of  from  7,000  to  8,000  feet  each. 
Here  diluvial  deposits  tbrm  a  natural  bridge  of  about  two  miles  in  width  through  that  mighty 
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granite  gate.    This  was  once  the  passage  of  the  tidal  currents  between  the  Atlantic  and  the 

Pacific. 

The  protrusion  of  ernptive  masses  skirting  the  base  of  the  California  Cordilleras  seem  to  have 
been  checked  here  by  some  means  ;  their  occurrence  ia  at  least  less  frequent  in  this  neighbor- 
hood. A  little  further  north,  however,  another  shoot  of  igneous  and  metamorphic  rocks  abuts 
against  the  western  granite  walls.  Tbey  are  a  northwestern  continuation  of  the  Sonorian  Gulf 
Sierras,  crossing  the  Colorado  Valley  in  the  vicinity  of  the  mouth  of  the  Gila,  and  joining  the 
California  Cordilleras  somewhat  to  the  north  of  the  before  mentioned  mountain  pass. 

Along  the  eastern  base  of  the  Sierra  Nevada  we  find  volcanic  activity  again  fully  developed. 
It  not  only  skirts  these  walls  of  primary  and  metamorphic  rocks,  but  seems  to  have  its  theatre 
over  the  whole  area  between  the  Rocky  Mountains  and  the  Sierra  Nevada. 

According  to  the  accounts  of  American  and  other  explorers,  this  vast  area  abounds  in  salt 
lagoons,  soda  lakes,  solfataras,  geysers,  warm  and  hot  springs  of  various  character,  extinct 
craters,  and  other  traces  of  wide-spread  volcanoism. 

Tertiary  deposits  seem  not  to  be  wanting  throughout  these  regions  ;  some  of  them  are  proved 
beyond  doubt  to  belong  to  the  Miocene  age.  Numerous  fossils,  verifying  such  conclusions,  have 
been  collected  by  various  persons  connected  with  government  expeditions.  Among  other 
discoveries,  is  one  of  the  highest  importance ;  this  is,  the  existence  of  a  fossil  shell  (Cardita 
planicosta)  on  the  Pacific  slope  of  the  Sierra  Nevada.  This  shell,  originally  belonging  to  the 
Paris  basin,  is  common  also  on  the  Atlantic  side  of  this  continent,  and  is  now  known  to  occur 
also  on  the  Pacific.  From  this  we  have  the  proof  of  a  former  immediate  connexion  in  these 
latitudes  between  the  two  oceans  of  our  globe. 

Without  making  any  further  mention  of  other  numerous  geological  and  palaeontological  facta 
relating  to  those  regions  which  have  been  brought  to  light  since  the  last  decenium,  we  consider 
the  area  from  the  present  head  of  the  Gulf  up  to  the  Great  8alt  Lake  basin  as  one  tertiary,  if 
not  quaternary  sea.  There  were,  besides  the  present  Gulf,  other  inlets  from  the  Pacific  to  this 
interior  sea ;  some  of  them  we  know  already,  and  others,  no  doubt,  will  be  discovered  a  short 
time  hence. 

However  wide  this  inland  sea  mar  have  extended,  we  find  on  its  western  shore  primary  and 
metamorphic  rocks  lined  by  tertiary  strata,  and  on  the  east  shore  metamorphic  and  volcanic 
rocks  prevail. 

The  bottom  of  this  present  waste,  thickly  overlaid  with  diluvial  deposits,  Beems  to  have  been 
thrown  out  of  its  level  by  upheaving  forces  from  below.  We  may  call  them  plutc-volcanic, 
employing  a  term  to  designate  the  immediate  ejective  forces  and  the  upheaving  morons  of  a 
general  character. 

In  the  regions  before  us  we  have  innumerable  traces  of  ejected  masses,  in  the  shape  of  igneous 
dykes  and  sierras  of  similar  petrographic  character,  but  varying  in  size.  We  find,  in  fact,  the 
former  horizotalism  of  the  whole  Gulf  basin  along  the  Rio  Grande  and  its  tributaries,  everywhere 
traversed,  intercepted  and  broken  up  by  metamorphic  and  igneous  mountain  ranges.  It  seems 
that  the  observer,  in  no  other  locality,  stands  in  closer  presence  of  these  very  pluto- volcanic 
upheaving  forces,  than  on  the  western  edge  of  this  ancient  inland  sea.  Whoever  passes  over 
this  ground,  particularly  the  desolate  scenery  about  Carrizo  Creek,  if  his  mind  should  be  the 
least  open  to  impressions  of  this  kind,  must  be  struck  with  awe!  He  will  find  himself  in  a 
locality  where  nature  gives,  in  a  few  bold  words,  a  whole  sentence  of  her  cosmogonic  history. 
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Here  we  everywhere  find  distinct  marks  of  metamorphism,  the  result  of  a  closely  allied 
cyclopean  and  neptunic  activity. 

Changes  in  the  physiography  of  the  country. — One  fact  closely  connected  with  the  physiography 
of  these  desert  regions  is  worthy  of  notice.  The  regions  around  New  River  and  other  beds  of 
drainage,  are  inhabited  by  Indians,  who  raise  on  those  alluvials,  pumpkins,  melons,  and  reap 
the  seed  of  certain  grasses  and  seeds,  especially  of  an  "  Amaranth  us,"  called  by  the  Mexicans 
"Quelite,"  and  by  the  Americans  "Careless  weed."  These  plants  are  dependents  of  alluvial 
soil. 

At  present  the  New  River  is  often  subject  to  dry  up  entirely  for  one  or  two  successive  seasons, 
thus  leaving  this  forlorn  people  to  the  most  bitter  adversity.  Whether  this  was  always  the  case 
we  were  not  able  to  find  out,  but  there  is  some  probability  such  was  not,  for  if  it  had  been  so, 
these  Indians  or  their  ancestors  would  not  have  settled  in  this  neighborhood. 

According  to  traditions  and  observations  made  on  the  spot,  water  must  have  been  distributed 
in  former  times  more  abundantly  over  the  desert  west  of  the  Colorado,  since  either  changes  in 
the  conditions  of  the  climate  or  alterations  in  the  level  of  the  land,  or  both,  must  have  taken 
place,  causing  a  gradual  diminution  of  drainage,  and  necessarily  a  subsequent  decrease  of 
population. 

All  accounts  which  have  come  to  our  knowledge  agree  upon  an  increased  sterility  of  soil. 
Several  localities  are  pointed  out  where  in  former  times  plenty  of  grass  and  mezquite,  besides 
spacious  planting  grounds,  were  found. 

Pascual,  the  present  chief  of  the  Tuma  Indians,  when  a  child,  lived  at  "  Alamo  Mocho," 
where  at  the  time  (he  is  now  about  60  years  of  age)  water  was  running  constantly,  as  it  did 
also  at  New  River.  The  place  of  Pascual' s  childhood  was  called  Hu-ta-pil,  because  plenty  of 
tunas  (the  fruit  of  opuntia)  grew  there.  Of  all  this,  nothing  seems  to  have  been  left  but  the 
name  "  Alamo  Mocho,"  (stunted  cotton-wood,)  as  one  tree  of  the  kind  marked  this  locality 
long  after  water  had  ceased  to  run  here.  If  such  changes  really  have  taken  place,  and  there  is 
hardly  room  for  doubt,  we  are  inclined  to  ascribe  the  cause  to  an  alteration  of  level — hyeto- 
graphical  changes  being,  perhaps,  but  the  result. 

It  is  not  improbable  that  this  portion  of  the  Peninsula  participated  in  a  similar  rising  a3 
Clavijero  mentioned  in  regard  to  the  southern  regions  of  this  country. 

We  have  already  mentioned  the  earthquakes  to  which  these  regions,  together  with  all  Cali- 
fornia, are  subjected.  They  may  be  considered  as  principally  instrumental  in  producing  those 
general  changes  upon  the  surface.  Here  every  three  or  four  years  heavy  vibrations  of  earth- 
quakes are  witnessed.  Major  Heintzelman  thus  writes  of  a  severe  shock  experienced  the  29th 
of  November,  1852 :  "  At  the  time  the  river  was  unusually  low,  and  (the  Laguna)  behind  the 
post  uncommonly  high.  (Behind  Camp  Yuma  there  is  an  old  river  bed.)  Low  grounds 
became  full  of  cracks,  many  of  which  spouted  out  sulphurous  water,  mud,  and  sand.  Further 
below,  the  river  bed  was  changed  considerably.  The  re-opening  of  a  salfatara  in  the  southwest 
corner  of  the  desert  was  mentioned  as  the  result  of  this  earthquake." 

Similar  accounts  of  the  same  event  were  given  by  another  eye-witness.    He  was  at  the  time 
on  board  a  small  river  steamer,  about  twenty  miles  below  the  mouth  of  the  Gila,  and  on  guard, 
when  a  heavy  shock  was  felt  on  board,  upon  which  the  general  alarm  was  given,  "Boat 
aground  I"    Our  informant,  formerly  . a  sailor  in  the  South  Pacific,  on  the  coast  of  Peru,  and 
13  M 
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also  a  visitor  of  the  Sandwich  Islands,  having  witnensed  there  the  outbreak  of  the  notorious 

"  Ruaroa,"  knew  instantly  what  it  was,  and  coolly  remarked,  touching  bottom  with  a  sonnding- 
pole:  "Yen!  Boat  aground  in  eight  feet  water!"  The  water*  of  the  river  were  thrown  in 
a  sort  of  boiling  motion,  with  a  strongly  rippled  surface.  The  river  banks  on  one  side  caved 
in  ;  and  on  the  other  separated  in  a  thousand  cracks,  from  which  dust,  sand,  mud,  and  water 
was  jetting.  In  front  of  the  steamer,  at  the  time,  there  was  a  ferry-boat,  loaded  with  sheep, 
just  crossing  the  river.  The  hands  in  charge  of  it  not  knowing  what  to  think  of  the  phenom- 
enon, in  their  fright  threw  away  their  oars  and  poles,  and  held  on  to  the  sides  of  the  boat, 
expecting  to  go  down.  The  river  formed  new  bends,  leaving  portions  of  its  old  bed  so  suddenly 
that  thousands  of  fishes  were  left  lying  on  the  muddy  bottom  to  infect  in  a  few  days  the  air 
along  the  river  by  their  putrefaction.  The  frequency  of  earthquakes  occurring  here  forms  also 
a  point  in  the  mythology  and  traditional  tales  of  the  aborigines,  which  has  been  referred  to 
elsewhere. 

Mountain  rupture. — Eight  miles  below  Fort  Yuma  another  trace  of  the  action  of  earthquakes 
is  exhibited  on  the  eastern  foot  of  the  Sierra  Culaya,  or  Pilot  Knob,  as  it  is  styled  by  the 
Americans.  The  mctamorphic  rock  forming  the  knob  is  a  dark  syenitic  granite,  with  much 
hornblende.  At  its  base  the  Colorado  turns  abruptly  to  the  south.  One  of  the  outrunners  of 
the  sierra  shows  a  nipture  with  an  average  width  of  about  thirty  feet.  The  edges  of  this  moun- 
tain cleft  fit  each  other,  so  as  to  leave  no  doubt  that  they  formed  one  mass.  By  means  of  this 
gap  the  post-tertiary  banks  of  the  river,  70  feet  high,  can  be  seen.  (See  annexed  sketch.)  The 
course  of  the  Colorado,  which  runs  on  higher  ground  than  the  surrounding  desert,  and  the 
configuration  of  the  junction  of  the  Gila  and  Colorado,  (elsewhere  described,)  is,  perhaps, 
another  result  of  a  geological  disturbance  in  the  general  level  of  country. 

Dr.  J.  Leconto,  in  his  notes  on  some  volcanic  springs  in  California,  which  have  been  hereto- 
fore referred  to,  mentions  also  the  anomalous  course  of  the  Colorado  not  taking  the  lowest  level 
of  the  desert,  but  retaining  its  bed  about  130  feet  above  it.  He  ascribes  the  cause  to  the  depo- 
sition of  its  sediment,  somewhat  like  the  Mississippi  and  other  nvcrs  in  our  southern  States. 

The  explanation  ascribing  the  anomalous  course  of  the  river  to  the  deposition  of  its  sediment 
may  be  correct  to  some  extent,  but  we  deem  it  not  sufficient  to  account  for  so  great  a  difference 
of  level. 

A  glance  at  the  profile  of  this  country  will  explain  the  relation  between  its  geological  and 
meteorological  condition,  which  I  have  before  hinted  at. 

Clouds  rising  from  the  ocean,  borne  by  aerial  currents  towards  the  mountain  slope  of  western 
California,  ascend  easily  towards  the  dividing  crest.  As  soon,  however,  as  they  pass  that  line 
they  meet  columnar  enrrente  of  heated  air  whirling  up  from  the  intensely  insulated  desert  flats  ; 
dispersion  and  dissolution  of  those  aqueous  deposits  of  the  atmosphere  follow  naturally,  and 
hence  the  almost  incessant  drought  the  Colorado  basin  is  subject  to. 

Rain  destined  to  fall  upon  these  desert  regions  needs  probably  some  heavier  disturbances  in 
the  electro-magnetic  action  of  the  air,  and  hence  what  is  called  the  rainy  season  in  these  regions 
is  nothing  more  than  the  hottest  time  of  the  year,  when  electro-magnetism  comes  to  its  highest 
pitch  of  activity. 

Equal  causes  produce  similar  results,  therefore  the  meteorology  of  the  Colorado  basin  and 
Northwestern  Sonora  are  nearly  related. 
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Colonel  W.  H.  Emory, 

Commissioner  for  the  United  States  and  Mexican  Boundary  Survey. 

Sir  :  In  accordance  with  your  direction,  I  herewith  transmit  to  you  my  report  relating  to  tfco 
Geology  and  Palaeontology  of  the  Boundary  Surrey. 

The  collection*  of  the  original  survey  were  placed  in  my  hand*,  in  1853,  hy  Dr.  C.  0.  Parry, 
of  the  Boundary  Commission.  These  consisted  of  a  Bene*  of  rocks,  minerals,  and  fossils, 
collected  along  the  line  of  the  survey,  and  along  the  route  travelled  through  Texas.  The 
fossils  consisted  chiefly  of  Cretaceous  and  Tertiary  species  ;  and  some  of  these  had  previously 
been  submitted  to  Mr.  Conrad,  who  described  several  species  in  the  Proceedings  of  the  Academy 
of  Natural  Sciences,  of  Philadelphia.  There  were  still  in  the  collection  a  considerable  number 
of  un  described  and  although  placed  in  my  hands  for  final  arrangement  and  disposition, 

I  preferred  that  Mr.  Conrad  should  complete  the  work  he  had  begun,  and  accordingly  trans- 
ferred the  new  species  to  him  for  description.  In  the  meantime,  I  had  the  drawings  made  and 
arranged  as  far  as  practicable  previous  to  May,  1854.  At  this  time  an  examination  of  some 
collections  that  had  remained  in  Washington  brought  to  light  other  species,  and  the  number  of 
figures  and  plates  were  increased  by  these  additions. 

The  collections  of  the  Survey  of  the  New  Boundary,  in  1854  and  1855,  have  also  contributed 
several  new  species  to  those  previously  described,  and  these  I  have  likewise  submitted  to  Mr. 
Conrad,*  in  order  that  the  descriptions  might,  as  far  as  practicable,  possess  a  unity  of  character 
and  design. 

The  collections  have  largely  contributed  to  our  knowledge  of  the  extent  and  character  of  the 
Cretaceous  formation  in  the  southwest.  This  information,  taken  in  connexion  with  the  results 
which  have  been  obtained  in  the  west  and  northwest,  enable  us  to  determine  with  a  great 
degree  of  accuracy  the  character  and  Telationsof  the  different  members  of  the  Cretaceous  period, 
as  developed  in  the  United  States. 

The  collections  of  Palaeozoic  fossils  contain  specimens  from  the  upper  carboniferous  or  coal 
measure  limestone,  which  is  known  to  become  extensively  developed  in  the  west  and  southwest. 
A  single  specimen  of  Amphua  (I»oteliu)  indicates  the  existence  of  lower  silurian  strata,  and  since 
the  specimen  is  scarcely  worn,  it  cannot  have  been  transported  from  a  distance.  It  is  the 
first  specimen  of  undoubted  lower  silurian  age  that  has  fallen  under  my  observation  in  all  the 
collections  that  have  been  made  in  the  southwest.  I  should  not,  however,  omit  to  remark,  that 
a  specimen  of  coral  found  in  the  same  locality  (though  exhibiting  no  decided  marks  of  trans- 

'  Excapt  tli«  few  *p«ci«t  of  Echinoderm*,  which,  at  tha  requaat  of  Mr.  Conrad ,  I  bar*  described  la  thair  propar  plaoa.ooo  only 
bting  a  naw  apaeiM. 
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portation)  is  apparently  identical  with  specimens  fonnd  in  the  immense  drift;  deposits  far  to  the 
northward,  in  Nebraska  and  at  other  places  ;  and  although  quite  possible  that  both  the  trilobite 
and  the  coral  hare  been  derived  from  the  extreme  northern  exposures  of  the  older  rocks,  I  am 
nevertheless  prepared  to  expect  that  these  formations  will  be  found  nearly  coextensive  with  the 
carboniferous  limestones. 

Although  there  are  among  the  collections  of  the  Boundary  Survey  several  specimens  which 
appear  referable  to  a  position  below  the  carboniferous  limestones,  and  in  the  later  collections 
some  Silurian  or  devonian  corals,  yet  in  the  absence  of  other  information  than  that  furnished 
by  the  specimens,  which  do  not  bear  evidence  of  having  been  freshly  broken  from  the  rocks,  I 
do  not  feel  warranted  in  drawing  any  general  conclusions.  This  subject  is  one  of  the  greatest 
interest  for  future  explorers  in  that  region. 

The  specimens  of  igneous  and  metamorphic  rocks  from  the  eastern  and  central  portions  of  the 
route  travelled  are  all  unlike  those  so  well  known  in  the  eastern  part  of  the  United  States ;  and 
it  is  not  until  we  approach  the  range  of  the  Cordilleras  that  we  find  specimens  bearing  all  the 
lithological  characters  and  associations  of  the  metamorphic  rocks  of  the  Appalachian  chain. 

We  are  constrained  to  believe,  not  only  from  the  evidences  of  this  collection,  but  from  others 
previously  examined,  that  the  metamorphic  rocks  of  this  intermediate  region  are  to  a  great 
extent  newer  than  those  of  Silurian  and  Devonian  age,  which  we  know  to  be  the  age  of  a  large 
part  of  the  metamorphic  portions  of  the  Appalachian  chain.  This  conclusion,  or  we  may  say 
suggestion,  is  deduced  from  the  differences  in  lithological  character,  as  well  as  from  the  fact, 
already  stated,  that  the  upper  carboniferous  limestone  is  the  most  conspicuous  unaltered  rock 
of  the  region,  while  in  some  places  this  rock  itself,  as  well  as  strata  of  more  recent  date, 
appear  to  pass  into  a  metamorphic  condition. 

In  regard  to  this  carboniferous  limestone,  it  should  also  be  borne  in  mind  that  it  is  not  the 
carboniferous  limestone  of  the  Mississippi  valley  which  attains  this  force  farther  west,  but  a 
limestone  high  in  the  coal  series,  and  which  has  become  thus  developed,  while  we  are  yet 
ignorant  of  the  existence  of  the  lower  carboniferous  limestone  in  that  part  of  the  country. 

The  collections  of  the  Boundary  Survey,  when  compared  with  those  made  in  traversing  the 
country  along  lines  farther  to  the  northward,  present  a  great  similarity  of  aspect  and  litho- 
logical character.  The  cretaceous  belt,  bordering  the  metamorphic  and  igneous  region  which 
succeeds  in  turn,  and  in  the  midst  of  which  are  large  areas  of  limestone  just  mentioned,  and  also 
some  smaller  areas  of  cretaceous  rocks,  which  have  now  been  traced  quite  to  the  central  part  of 
the  great  basin  to  the  west  of  the  first  mountain  chain,  and  have  more  recently  been 
determined  in  California. 

We  have  the  means  of  knowing,  therefore,  the  general  geological  structure  of  the  country, 
from  near  the  northern  limits  of  the  United  States  to  Mexico. 

The  first  part  of  my  report,  constituting  the  observations  upon  the  specimens  collected,  and 
the  general  results  regarding  the  geographical  distribution  of  the  formations  along  the  line  of 
the  Boundary  Survey,  are  essentially  the  same  that  I  transmitted  to  you  in  1854  ;  but  which, 
in  consequence  of  the  change  in  the  boundary  line  making  a  re-survey  necessary,  were  not 
published  at  that  time. 

I  have  since  reviewed  the  whole  collection,  with  all  the  additional  information  derived  from 


•  MEXICAN  BOUNDARY  LINE.  105 

other  sources,  and  comparison  of  other  collections  from  rocks  of  the  same  age,  and  particularly 
those  of  the  cretaceous  period  from  western  localities  and  from  New  Jersey.  These  results  are 
given  in  the  chapter  upon  the  relative  position  of  the  cretaceous  fossils  of  the  Boundary  Surrey 
with  other  known  cretaceous  formations  in  the  United  States. 

The  relations  of  the  carboniferous  limestone  of  the  Rocky  Mountain  range,  I  have  endeavored 
to  make  more  clear  by  a  few  pages  upon  the  carboniferous  rocks,  and  a  section  of  the  principal 
members  belonging  to  that  period,  as  known  in  the  Mississippi  valley. 

The  specimens  from  the  Tertiary  formation  of  the  southwest,  although  indicating  a  general 
similarity  to  the  formations  of  Nebraska,  are  nevertheless  insufficient  to  give  the  means  of  care- 
ful comparison  and  reliable  conclusions. 

Our  knowledge  of  the  geological  formations  of  the  west  is  now  so  rapidly  progressing,  and 
the  materials  accumulating  in  such  abundanoe.  that  whatever  mav  be  presented  to-dav  as 
new  and  in  advance  of  previous  knowledge,  will  to-morrow  be  regarded  only  as  a  historical 
record  of  our  progress.  The  facts  hero  presented,  and  the  conclusions  deduced  from  these  and 
other  collections  which  I  have  heretofore  examined,  may  serve  as  a  contribution  towards  a  more 
perfect  elucidation  of  the  geology  of  this  great  central  region,  which  has  been  traversed  by  the 
Boundary  Survey  commission. 

1  have  the  honor  to  remain,  very  respectfully,  your  obedient  servant, 

JAMES  HALL. 


14  M 


Digitized  by  Google 


106 


OKOLOOY  AND  PALEONTOLOGY. 


OBSERVATIONS  UPON  THE  CHARACTER  AND  GEOLOGICAL  AGE  OF  THE 
SPECIMENS  OF  ROCKS  AND  MINERALS  SUBMITTED  TO  MY  EXAMINATION 
FROM  THE  COLLECTIONS  OF  THE  UNITED  8TATE8  AND  MEXICAN  BOUN- 
DARY SURVEY. 

I.  Specimens  from  the  Gulf  Coast,  Texas,  as  far  as  El  Paso,  including  all  those  from  the  east  side 

of  the  Rio  Grande. 

1.  Calcareous  sandstone,  branch  of  the  Guadaloupe  river  below  San  Antonio.  This  rock  is 
apparently  of  Tertiary  age,  and  present*  nothing  peculiar  in  its  character,  except  its  loose 
Aggregation  and  numerous  dark  siliceous  specks  or  grains. 

2.  Calcareous  conglomerate,  fifteen  feet  thick. 

These  specimens  bear  the  character  of  the  Tertiary  sandstones  known  in  Kansas  and 
Nebraska.  They  are  sometimes  highly  calcareous.  The  sandstone  varies  in  character  from 
loosely  aggregated  and  incoherent  sand  to  a  compact  calcareous  sandstone  or  quartz  rock,  for  the 
grains  sometimes  appear  to  have  been  cemented  by  fluid  silica. 

From  information  obtained  in  connexion  with  these  specimens,  the  strata  to  which  they 
pertain  occur  in  outliers  of  greater  or  less  extent,  the  original  formation  having  been  subjected 
to  extensive  denudation.  The  similarity  in  lithological  character  and  association  suggests  a 
probable  identity  in  age  between  these  beds  and  those  of  the  Mauvaises  Terres  of  Nebraska;  and 
that  the  Tertiary  is  probably  co-extensive  with  the  cretaceous  formation  from  Nebraska  to  Texas 
and  New  Mexico. 

3  and  4.  Argillaceous,  buff-colored  limestone,  a  thickness  of  fifty  feet,  ascertained  in  sinking 
a  well,  while  the  entire  thickness  of  the  rock  is  much  greater.  This  rock  is  used  for  buildings 
in  San  Antonio.  It  has  the  same  lithological  character  as  the  stratum  which  elsewhere  contains 
Inoceramus  mytiloides. — I.  pioblemaiicus. 

5.  A  yellow  granular  limestone  of  similar  character,  but  more  compact  than  the  limestone  of 
Timber  creek,  New  Jersey.  The  specimen  contains  a  species  of  cardium.  The  rock  from  which 
this  specimen  was  obtained  occurs  about  twenty  miles  further  to  the  west  than  Nos.  3  and  4, 
and  is  penetrated  in  reaching  a  more  compact  stratum  below. 

These  specimens  are  from  the  lower  part  of  the  cretaceous  formation. 

a.  Specimens  from  the  table-land  on  Devil's  river. 

6.  Light  gray  limestone  with  cretaceous  fossils.    Painted  caves. 

7.  A  more  granular  limestone  than  the  preceding,  resembling  No.  5  in  character,  and  con- 
taining valves  of  an  Ostrea.    Painted  caves. 

8.  Compact,  reddish  brown  granular  limestone,  containing  Nodosaria.  This  rock,  on  its 
weathered  surface,  is  of  the  character  of  the  preceding,  but  more  compact  and  crystalline  in  its 
texture. 

9.  Compact,  subcrystalline,  yellowish  limestone  ;  sometimes  of  a  brownish  yellow.  Table-  . 
land  beyond  Devil's  river. 

10.  Vesicular  trap  from  isolated  hills  and  ridges  rising  from  the  table-land. 
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11.  Compact,  light  ash-colored  limestone,  containing  cretaceous  fossils;  among  which  are 
Lima  Wacoensis,  Trigonia  Emory i,  Gryphcea  Pitcheri,  and  other  species.  Camanche  crossing, 
Camanche  springs. 

h.  Specimens  from  the  Limpia  range  of  mountains,  between  the  Pecus  river  and  Rio  Orande. 

12.  Brown  porphyritic  trap  rock,  with  crystals  of  Adularia. 

13.  Coarsely  crystalline  igneous  rock,  (trap-like  in  some  parts,)  composed  in  a  great  propor- 
tion of  crystallized  feldspar  or  Adularia,  having  a  chatoyant  lustre  on  the  cleavage  faces.  This 
rock  forms  the  central  part  of  the  mountain  range. 

14  Compact  quartz  rock,  of  a  slightly  reddish  tint,  with  minute  cavities. 

15.  Compact  white  opaque  quartz,  approaching  chalcedony  in  its  characters. 

Those  specimens  from  the  Limpia  range  are  of  igneous  origin,  the  quartz  rock  having  been 
derived  doubtless  from  the  gelatinous  silica  produced  by  volcanic  waters.  We  have  no  evidence 
from  the  facts  before  us  that  any  part  of  the  range  consists  of  Metamorphic  stratified  rocks. 
They  are  mostly  of  reddish-brown  porphyry  and  a  coarse  granitic  aggregate,  of  which  Adularia 
forms  a  large  part.  Some  specimens  of  milky  quartz  appear  as  if  due  to  depositions  from  hot 
springs. 


16.  Compact,  fine  grained  limestone,  dipping  to  the  southwest. 

17.  Same  as  the  preceding. 

18.  Limestone  of  similar  character  to  the  preceding,  containing  remains  of  orinoidal  columns 
and  shells. 

19.  Similar  limestone  with  remains  of  shells  ;  (Brachiopoda,  etc.) 

20.  Limestone  like  the  preceding,  of  a  grayish  blue  color,  containing  fragments  of  Tere- 
bratuia, etc.,  (probably  Terebratuia  subtUUa.) 

Although  theso  specimens  present  no  well  marked  fossil  species,  I  am  nevertheless  quite  con- 
vinced, from  the  character  of  the  fragments  preserved,  that  the  rock  is  of  the  age  of  the  upper 
carboniferous  limestone.  The  condition  and  character  of  the  rock  with  the  fragmentary  fossils 
is  precisely  identical  with  specimens  from  the  neighborhood  of  the  Great  Salt  lake  and  other 
western  localities.  They  contain  remains  of  small  Terebratuia  in  like  manner ;  and  the  numerous 
fragments  of  organic  bodies  which  cover  the  weathered  surfaces  indicate  sufficiently  that  the 
rock  is  in  great  measure  composed  of  similar  materials.  Some  of  the  specimens  are  quite  com- 
pact, and  others  are  granular  in  texture ;  they  are  traversed  by  minute  veins,  sometimes  of 
calcareous  spar,  and  sometimes  of  harder  material. 

21.  Siliceous  tufa,  resembling  trap  tuff.  It  consists  of  an  aggregation  of  finely  divided 
siliceous  matter,  porous  or  minutely  cellular  in  structure.  It  is  represented  as  forming  dykes 
in  the  limestone.   Two  specimens  from  Eagle  spring. 

22.  Specimens  similar  to  the  last,  but  coarsely  laminated,  and  with  minute  concretions ; 
brecciated,  etc.    Eagle  spring. 

23.  Light-colored  amygdaloid  rock.    Eagle  spring. 

24.  Porphyritic  trap.    Eagle  spring. 

25.  Brown  porphyry  ;  compact. 


c.  Stratified  rocks  to  the  northwest  of  the  Limpia  range. 
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26.  Brown  porphyry ;  tame  as  the  preceding,  except  that  it  contains  cavities,  which  are 
probably  due  to  the  weathering  out,  or  solution  of  crystals  from  the  moss. 

27.  Chalcedony  mixed  with  Feldspathic  lava.  This  rock  has  been  formed  by  gelatinous 
silica  penetrating  scoria  or  other  loose  volcanic  materials. 

28.  Chalcedony.    Two  specimens,  associated  with  the  preceding  rocks. 

The  volcanic  products  present  numerous  modified  conditions,  from  the  effect  produced  by 
silica  in  solution,  or  in  the  gelatinous  condition,  having  penetrated  the  mass.  From  this  cause, 
and  from  the  effects  of  heated  water,  not  only  the  lithological  aspect,  but  the  color  of  the  rock 
is  often  greatly  modified. 

29.  A  siliceous  stratified  rock,  apparently  a  highly  altered  sandstone.  From  the  Bio  Grande, 
seventy  miles  below  £1  Paso. 

30.  A  porphyritic  trap-like  rock,  perhaps  a  sedimentary  rock  altered  by  volcanic  action. 
Seventy  miles  below  £1  Paso. 

31.  Greenstone  trap.    Seventy  miles  below  El  Paso. 

32.  Volcanic  breccia,  a  gray  feldspathic  mass  with  hornblende.    Same  locality  as  the  last. 

33.  Volcanic  breccia,  becoming  porphyritic ;  more  compact  and  crystalline  than  the  preceding. 

34.  Granitic  mass ;  a  volcanic  granite,  composed  of  feldspar  and  hornblende,  with  little 
quartz  ;  probably  a  further  modification  of  the  breccia  by  igneous  action.  Seventy  miles  below 
£1  Paso. 

The  range  east  of  the  Bio  Grande,  seventy  miles  below  El  Paso,  has  furnished  specimens  of 
reddish  and  greenish  compact  porphyry,  compact  trap,  a  specimen  of  granitic  structure  con- 
sisting of  feldspar,  mica,  and  some  earthy  matter,  but  loosely  aggregated,  not  unlike  the 
products  of  recent  igneous  formations  ;  also  several  specimens  of  volcanic  breccia  loosely  aggre- 
gated, and  a  single  specimen  of  similar  composition  very  compact  in  texture.  From  this 
locality  there  is  also  a  specimen  of  carboniferous  limestone,  partially  crystalline,  and  one  side 
permeated  by  innumerable  minute  pores ;  but  it  still  preserves  evidenoes  of  organic  remains  on 
its  weathered  surfaces. 

d.  Specimens  from  the  Tertiary  Basin  of  the  Bio  Grande. 

35.  Selenite  mixed  with  marl  from  a  bluff  composed  of  marl,  gravel,  and  beds  of  selenite. 
The  crystals  occur  in  detached  groups,  but  altogether  form  large  beds. 

36.  Cretaceous  limestone  with  Exogyra  texana,  and  Serpula.   £1  Paso. 

3T.  Argillaceous  limestone  with  Inooeramua,  from  the  Bio  Grande  above  El  Paso. 

38.  Hornstone  with  seams,  or  a  brecciated  intermixture  of  limestone  with  hornstone,  forming 
the  summit  of  a  mountain  1,200  feet  high.  The  base  of  the  mountain  is  composed  of  tho  upper 
carboniferous  limestone.    Near  Frontera. 

39.  Black  hornstone,  surrounded  by  a  lighter  colored  mass  of  the  same.   Near  Frontera. 

40.  Feldspathic  or  granitic  volcanic  rock,  composed  mainly  of  Feldspar  and  Olivine.  Two 
specimens  from  near  Frontera. 

41.  Compact  feldspar  with  a  little  glassy  quartz :  forming  knobs  and  dykes  running  through 
the  limestone  strata ;  sometimes  overlying  and  sometimes  underlaying  the  latter  rock.  It  is 
evidently  of  volcanic  origin. 

No.  40  forms  isolated  knobs  less  intimately  connected  with  the  limestone  than  No.  41. 
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The  specimen  marked  "  Isolated  knobe  near  Frontera,"  consists  of  feldspar  and  olivine,  and 
is  a  modern  igneous  product. 

The  specimen  marked  "  Granite,  north  of  Frontera,"  is  a  similar  aggregate,  more  compact 
and  containing  scales  of  mica. 

The  mountain  northeast  of  Frontera  is  partially  composed  of  reddish  feldspar  with  small  grains 
of  crystalline  quartz  ;  a  kind  of  porphyritic  rock.  The  position  of  this  rock  is  remarkable  and 
highly  interesting.  A  sectional  sketch  of  the  mountain  by  Dr.  0.  0.  Parry,  represents  it  as 
resting  on  the  upturned  edges  of  the  strata  of  carboniferous  limestone,  which  form  the  base  and 
greater  portion  of  the  mountain,  and  dip  at  an  angle  of  45°.  The  granitio  aggregate  rests  on 
the  sloping  sides  of  the  mountain,  in  the  direction  of  the  dip.  At  a  little  distance  from  this 
point,  and  apparently  resting  on  the  latter  rock,  occur  cretaceous  strata,  highly  inclined,  as  it 
the  igneous  mass  had  been  forced  out  near  the  junction  of  the  carboniferous  and  cretaceous  beds. 
In  other  instances  the  igneous  beds  rest  on  the  cretaceous  deposits  ;  leaving  no  doubt  that  the 
eruption  took  place  subsequent  to  the  cretaceous  period. 

The  specimens  from  35  to  41  inclusive,  present  the  characters  of  the  different  members  of  a 
section  across  the  Tertiary  and  cretaceous  strata,  to  the  upper  carboniferous  limestone ;  with  the 
associated  igneous  rocks  whioh  form  separate  and  isolated  masses,  or  are  more  or  less  entangled 
in  the  stratified  limestone. 

e.  Specimens  from  the  Organ  Mountain  range,  jifly  miles  north  of  tlie  locality  of  Not.  40  and  41. 
The  elevation  of  this  range  is  about  2,000  feet  above  the  bed  of  the  river. 

The  specimens  from  the  Organ  Mountains  consist  of  compact  feldspathic  granite  with  very 
little  quartz,  a  few  scales  of  green  mica  and  hornblende,  and  numerous  minute  crystals  of  mag- 
netic oxide  of  iron.  Notwithstanding  the  compactness  of  this  mass,  the  character  and  mode 
of  aggregation  are  so  similar  to  some  of  the  well-characterized  volcanic  products  that  it  can 
scarcely  be  regarded  as  an  ancient  granite.  Besting  on  this  rock  occurs  very  compact  green- 
stone porphyry.  A  specimen  from  the  western  base  of  the  mountain  is  a  reddish  lava-like 
porphyry  with  a  finely  porous  or  vesicular  structure. 

42.  Granitic  rock,  composed  of  crystalline  feldspar  with  a  smaller  proportion  of  quartz  and 
hornblende.  The  specimen  is  leas  lava-like  than  No.  40,  but  it  has  the  aspect  of  a  very  modern 
igneous  rock.    This  constitutes  the  central  portion  of  the  mountain  range. 

48.  Porphyritic  greenstone,  very  compact,  forming  the  mass  partially  surrounding  No.  42. 
This  rock  occurs  in  distinct  layers  dipping  at  an  angle  of  82°  W. 

44.  Brown  porphyritic  trap,  overlying  the  granitic  central  mass  of  the  mountain. 

45.  Reddish  brown,  compact,  lava-like  rock,  containing  minute  crystals  of  feldspar;  associated 
with  Nos.  42,  43,  44,  forming  extensive  masses. 

46.  Sulphuret  and  phosphate  of  lead,  sulphuret  of  copper,  and  sulphate  of  baryta.  There  are 
several  specimens  all  presenting  the  same  general  character,  and  obtained  from  a  vein  in  the 
mountain  range. 

47.  A  coarse  porphyry  ;  a  red,  coarse,  loosely  aggregated  base.    Near  the  San  Antonio  road. 

48.  Volcanic  breccia.    Near  the  San  Antonio  road. 

49.  Amygdaloidal  trap  ;  a  common,  grayish  base  with  round  vesicles.  Tascate. 

50.  Porphyry. 
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51.  A  porphyrltic  rock  with  chalcedony. 

52.  Compact,  laminated  porphyritic  rock. 

53.  Compact,  micaceous,  gneissoid  sandstone,  slightly  calcareous ;  dipS.S.E.  60°. 
This  sandstone  has  the  aspect  of  a  cretaceous  or  tertiary  sandstone. 

54.  Laminated,  compact,  argillo-calcareous  rock,  which  has  been  subject  to  igneous  action, 
and  partially  altered. 

The  two  preceding  specimens  are  from  strata  overlaid  by  trappean  rock,  before  notioed  ;  and 
their  altered  condition  is  doubtless  due  to  this  action.  This  fact  places  the  date  of  these  erup- 
tions subsequent  to  the  cretaceous  period,  and  perhaps  posterior  to  the  older  Tertiary  deposits. 

55.  Encrinital,  subcrystalline,  light-gray  limestone,  containing  numerous  fossil  fragments  ; 
belongs  to  the  upper  carboniferous  period  ;  dip  to  the  southeast.    Cibolo  creek. 

56.  Argillaceous  sandstone  with  mica,  fine-grained  and  thinly  laminated.  The  age  of  this 
sandstone  is  doubtful,  but  it  may  be  carboniferous.    Cibolo  spring. 

57.  Compact  porphyry.    Cibolo  creek. 

58.  Limestone  of  the  upper  carboniferous  period,  forming  high  mountains ;  dip  southeast. 
Presidio  del  Norte. 

This  rock  is  similar  to  that  from  Cibolo  creek,  but  more  compact  and  less  crystalline,  and 
evidently  has  undergone  a  partial  metamorphism. 

A  specimen  from  the  rapids  of  the  Del  Norte  is  of  a  bluish  ashen  color,  very  compact  and 
fine-grained,  with  numerous  crystalline  points  and  lines  which  mark  the  presence  of  organic 
bodies.  Although  no  fossils  can  be  recognized  in  their  specific  character,  yet  the  rock  is  so 
precisely  of  the  character  of  the  carboniferous  limestone  in  numerous  western  localities  as  to 
leave  no  doubt  of  its  true  age  and  geological  position. 

The  specimens  from  Bufia-silla,  marked  "Aug.  10,"  consist  of  the  following:  two  specimens 
of  vesicular  lava,  one  of  compact  breccia,  enclosing  fragments  of  lava,  and  several  specimens 
of  trap  tuff,  enclosing  quartz  pebbles  and  fragments,  and  becoming,  in  one  specimen,  a  sort  of 
friable  breccia.  Another  specimen  from  the  same  locality,  marked  "  Aug.  13,"  is  a  compact, 
volcanic  breccia,  composed  mainly  of  fragments  of  various  volcanic  materials. 

59.  Vesicular  lava,  Bufia-silla. 
A  second  similar  specimen. 

60.  Compact  lava,  Bufia-silla. 

61.  Volcanic  breccia,  composed  of  fine  white  volcanic  ashes,  with  pebbles  and  fragments. 

62.  Coarser  breccia,  with  a  coarser  base  than  the  preceding. 

The  compact  lavas  arc  represented  as  lying  below,  and  the  breccias  between  these  and  the 
more  cellular  lavas  above.   Sometimes  there  are  several  successive  series  of  these  beds. 

63.  Granitic  or  compact  feldspathic  lavas,  with  quartz  and  hornblende  in  Btoall  proportions. 
Three  specimens  from  the  canon  of  the  Rio  Grande. 

A  specimen  from  the  canon  of  the  Rio  Grande,  marked  "Aug.  27,"  consists  of  a  crystalline 
aggregation  of  quartz,  feldspar,  and  carbonate  of  lime.  Two  other  specimens,  same  date,  from 
Puerto  Peak,  are  granitic  aggregations  of  quartz  and  feldspar,  and  appear  much  like  a  partially 
fused  breccia. 

64.  Cemented  volcanic  ashes,  with,  occasionally,  small  vesicles,  giving  an  amygdaloidal 
character. 
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Three  specimens,  showing  variety  (of  64.) 

65.  Breccia  with  a  white  base. 

66.  Lava,  lees  compact  than  that  below. 

The  series  shows  the  succession  of  compact  lava,  breccia,  and  less  compact,  or  vesicular  lava 
above. 

67.  A  fragment  including  part  of  a  cavity  in  amygdaloid,  with  green  quartz. 

68.  Brownish  porphyritic  rock.  This  has  the  common  character  of  the  porphyry  of  the 
region. 

69.  Crystallized  peroxide  of  iron,  connected  with  the  trap  or  lava  deposits. 

70.  Porphyritic  granite,  apparently  of  very  modern  origin. 

71.  Sienite  or  porphyritic  granite,  varying  but  little  from  No.  70.  It  contains  dark  smoky 
quarto. 

72.  Beddish  porphyry  or  porphyritic  trap,  associated  with  the  preceding  specimens. 

73.  Compact  argillaceous  limestone  of  the  Cretaceous  formation. 

74.  Compact,  close,  and  fine-grained  argillaceous  limestone  of  the  Cretaceous  formation. 

75.  Exogyra  teocana,  from  above  the  Pecos  river. 

76.  Argillaceous  limestone,  with  Exogyra,  containing  cavities  filled  with  calcareous  spar. 

77.  Fossil  wood  from  Tertiary  strata ;  Eagle  Pass. 


II.  Specimens  from  the  country  west  of  the  Bio  Grande. 

78.  Sandstone,  compact  and  fine  grained.  Cemialauke. 

This  rock  is  said  to  form  a  mountain  range  in  connexion  with  the  conglomerates.  The 
specimens  are  not  sufficient  to  determine  satisfactorily  the  geological  age  of  the  formation. 

79.  Carboniferous  limestone  with  fossil  remains. 

These  specimens,  (79,)  from  west  of  Salado,  have  evidently  undergone  partial  metamorphism, 
though  still  preserving  fragments  of  organic  remains.  One  of  them  contains  several  imperfect 
shells,  among  which  a  Terebratula  is  distinguishable. 

80.  Porphyritic  lava,  connected  with  the  preceding  limestone ;  and  breccia,  connected  with 
the  same. 

81.  Compact  trap,  with  a  silicious  incrustation  covering  the  surface. 

82.  ^Amygdaloid. 

An  extensive  district  is  represented  as  covered  by  rocks  like  81  and  82,  on  the  southwest  of 
Frontera. 

83.  Amygdaloid,  similar  to  the  preceding  ;  one  hundred  miles  west  of  El  Paso. 

84.  Specular  iron  ore.    It  occurs  in  loose  masses,  scattered  over  the  Tertiary  plains. 

85.  Chalcedony,  associated  with  trap  rocks. 

86.  Feldspathic  lava,  or  compact  trap  tuff. 

Rocks  of  this  character  are  represented  as  forming  the  dividing  ridge  and  summit  of  the 
Sierra  Madre  near  the  Gaudaloupe  Pass. 

88.  Quartz  rock  ;  some  portions  are  granular,  showing  the  passage  from  an  aronaceous  mass 
to  a  compact  homogenous  quartz  rock. 


(This  is,  apparently  a  metamorphic  stratified  rock.) 

A  specimen  from  the  summit  of  the  Gaudaloupe  Pass  presents  the  character  of  rounded 
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crystalline  grains  of  quartz,  in  a  paste  of  milky  quarts.  In  many  parts  the  granular  structure 
is  seen  passing  into  the  homogenous  texture.  This  sandstone  is  associated  with  the  carboniferous 
limestone. 

89.  A  reddish  colored  stratified  rock ;  apparently  an  altered  shale  becoming  porphyritio. 

90.  An  argillaceous  sandstone ;  the  granular  structure  gradually  merging  into  a  compact 
chalcedonic  mass. 

91.  Conglomerate,  associated  with  the  preceding  specimens,  89  and  90.  The  rock  haa  the 
aspect  of  a  Tertiary  conglomerate. 

92.  A  compact  granular  mass  of  feldspar  and  olivine.  j 

93.  A  similar  mass,  colored  by  oxide  of  iron.    The  change  of  oolor  perhaps  due  to  infiltration 
a^    t  o  ^1     t  o  r  ■ 

94.  Conglomerate,  composed  of  quartz  pebbles,  trap,  and  other  volcanic  rocks,  with  much 
calcareous  matter.    The  pebbles  are  somewhat  angular.    (A  modern  product.) 

95.  An  earthy  calcareous  rock,  associated  with  the  preceding  conglomerate. 

96.  Compact  dark  colored  trap  rock. 

97.  Talcous  slate,  with  quartz  veins. 

98.  Granite,  fine,  granular,  consisting  of  quartz,  feldspar,  and  mica,  in  nearly  equal  propor- 
tions, and  having  a  more  ancient  aspect  than  the  granite  found  associated  with  the  trap  rocks. 

These  two  specimens  (from  the  same  locality)  give  the  first  indications  of  an  approach  to 
rocks  of  a  character  similar  to  those  composing  the  Appalachian  mountain  chain  ;  and  which 
are  like  the  products  of  metamorphic  silurian  strata. 

III.  Specimens  from  the  silver  and  lead-bearing  rocks  of  the  Corriletas. 

99.  A  compact  Bilico- calcareous  rock,  with  a  few  scales  of  mica.  It  appears  to  be  an  impure 
Bubcr yBtalline  limestone,  and  is  associated  with  other  specimens  of  limestone.  This  is  repre- 
sented as  forming  the  rock  traversed  by  the  veins  of  silver-lead  ore. 

100.  Sulphuret  of  lead  and  silver. 

101.  Sulphuret  and  carbonate  of  lead. 

102.  Sulphuret  of  lead  connected  with  a  gray  limestone. 

103.  Earthy  carbonate  of  lead,  said  to  contain  silver. 

104.  Semi-crystalline  limestone  associated  with  the  earthy  carbonate  of  lead,  which  latter  is 
represented  as  occurring  in  beds  or  veins,  distinct  from  the  sulphurets. 

105.  Limestone  similar  to  the  preceding,  colored  brown  by  oxide  of  iron. 

106.  Compact,  silicious  limestone,  which  has  undergone  some  alteration  from  igneous  action. 

107.  Compact,  altered  limestone,  associated  with  the  silver  ores  of  the  San  Pedro  mines. 

A  specimen  said  to  be  associated  with  the  silver  of  the  San  Pedro  mine  is  a  greenish,  impure 
limestone,  with  light  colored  or  white  crystalline  points.  The  weathered  surface  presents 
minute  cavities,  and  it  has  altogether  the  appearance  of  an  ordinary  greenstone.  On  testing 
by  acids,  it  effervesces  strongly,  and  is  evidently  highly  calcareous. 

108.  Cretaceous  limestone  containing  shells  of  Exogyra,  &c;,  from  the  foot  of  the  mountain 
in  which  the  silver  ores  occur. 

The  cretaceous  strata  overlie  the  upper  carboniferous  limestones,  and  are  shown  to  have  been 
subjected  to  similar  disturbances,  so  far  as  the  elevation  of  the  strata  is  due  to  such  action. 

109.  Red  oxjde  and  green  carbonate  of  copper.— Copper  mines  of  New  Mexico. 
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110.  Green  carbonate  of  copper. — Sonora. 

111.  Gray  solphuret  and  green  carbonate  of  copper. — Copper  mines  of  Presidio  del  Norte. 

112.  Solphuret  of  lead  and  silver,  with  crystals  of  sulphate  of  lead. — Santa  Rosa. 

The  specimens  from  Santa  Rosa  are  from  veins,  and  do  not  furnish  any  of  the  associated  rock. 

The  specimens  of  rock  from  the  Leon  mine  are  a  semi-crystalline  limestone  of  a  mixed  gray 
and  white  color,  with  calcareous  spar  ;  and  a  crystalline  limestone  colored  brown  by  oxide  of 
iron.    The  other  specimens  from  this  locality  are  vein-stones  or  ores. 

In  the  vicinity  of  the  mines  of  Corriletas,  the  limestone  has  undergone  still  farther  meta- 
morphism,  and  some  specimens  which  occur  in  the  same  connexion,  and  apparently  of  this  age, 
assume  a  very  crystalline  character,  and  exhibit  mica  and  some  other  minerals,  which  have 
been  segregated  from  the  mass  during  the  progress  of  metamorphism. 

The  specimens  of  limestone  from  the  Escandido  mines  include  one  of  a  yellowish  white  color 
and  crystalline  texture,  containing  disseminated  crystals  of  iron  pyrites  :  this  may  be  a  vein- 
stone. Another  specimen  is  of  very  compact,  bluish,  granular  limestone,  with  thin  pressed 
veins  of  spar,  evidently  having  undergone  some  metamorphic  action.  This  is  labelled  as  coming 
from  the  foot  of  the  mountain  adjoining  the  mines.  Other  specimens  marked  as  from  the  same 
locality  contain  large  numbers  of  fossil  shells,  but  in  such  a  condition  as  to  afford  very  unsatis- 
factory means  of  determining  their  age.  They  present,  however,  many  features  like  those  of 
the  cretaceous  limestones,  and  are  probably  beds  of  that  formation,  which  have  undergone 
partial  metamorphism. 


B.  SPECIMENS  COLLECTED  ON  THE  ROUTE  PROM  THE  PACIFIC  COAST  EASTWARD,  INCLUDING 
THE  TERTIARY  OP  THE  COAST  AND  THE  METAMORPHIC  ROCKS  OF  THE  CORDILLERAS  .  THE 
TERTIARY  OF  THE  GREAT  PLAIN  EAST  OF  THE  CORDILLERAS,  AND  THE  METAMORPHIC  ROCKS 
OF  THE  ISOLATED  MOUNTAINS  IN  THE  GREAT  PLAINS. 

IV.  /Specimens  from  the  coast  Tertiary  belt,  from  the  neighborhood  of  San  Diego. 

1.  Gray  micaceous  sandstone,  with  more  or  less  of  argillaceous  matter,  friable,  or  more  or 
less  compact. 

2.  Calcareous  beds  with  shells,  Turritella,  Pectunculus,  &c. 

3.  A  fine  chalk-like,  tufaceous  deposit,  occurring  in  isolated  beds. 

4.  Lignite,  associated  with  clays  and  sands. 

V.  Tertiary  formations  spreading  over  the  plain  east  of  the  Cordilleras. 

1.  Sands  and  marls  with  clays,  all  more  or  less  calcareous  ;  represented  as  forming  extensive 
beds  of  considerable  thickness,  and  cropping  out  in  bluffs  of  several  hundred  feet  high. 

2.  Shells  of  Ostrea  vcspertina,  from  the  beds  of  the  preceding  series. 

3 .  Calcareous  tufa ;  forming  isolated  masses  or  deposits. 

4.  Gypsum— 8elenite.   This  mineral  occurs  in  the  clays  and  marls  of  the  formation. 

6.  Common  salt,  forming  on  the  borders  of  lakes  from  evaporation.  The  soil  is  more  or  less 
permeated  with  saline  matter,  which  is  carried  downwards  to  the  depressions  in  which  occur  the 
small  lakes  having  no  outlets. 

15  M 
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6.  Sandstone.  A  fine-grained,  friable,  micaceous  sandstone,  occurring  above  the  marls  and 
clays,  and  represented  as  attaining  a  thickness  of  from  100  to  200  feet. 

The  sandstone  contains  nodules  of  clay,  which  are  often  large  and  flattened,  forming  an 
irregular  or  interrupted  layer.  These  nodules  are  frequently  surrounded,  by  pebbles  or  small 
gravel.  These  pebbles  consist  of  quartz,  porphyry,  greenstone,  jasper,  &c,  and  sometimes 
form  layers  of  conglomerate.  From  the  evidences  of  drift  action  afforded  in  the  specimens,  it  is 
probable  that  the  formation  may  at  some  points  present  extensive  beds  of  conglomerate. 

This  sandstone  is  precisely  of  the  same  character  as  the  Tertiary  sandstone  of  the  Hauvaises 
Terres  of  Nebraska. 

7.  Coarse  sand  and  small  pebbles  cemented  by  calcareous  matter,  forming  a  conglomerate 
which  has  a  thickness  of  30  or  40  feet. 

8.  Fossil  wood — an  erratic  mass  found  upon  the  plains. 

9.  Vesicular  lava,  having  the  cavities  filled  with  earthy  matter,  and  embracing  small  shells 
like  Ceritheum,  but  too  imperfect  to  be  specifically  identified. 

The  table-land  occupied  by  this  Tertiary  formation  forms  the  plateau  in  which  the  rivers  take 
their  rise. 

V.  Specimens  from  the  Coast  Range. 

1.  A  somewhat  vesicular  trap  or  greenstone,  containing  spots  and  blotches  of  soft  green  earth. 
1.  Greenstone  porphyry. 

VI.— Specimens  from  the  xoesterly  part  of  the  Cordilleras. 

1.  Chloritic  rock,  having  a  compact  or  scarcely  laminated  structure. 

2.  Chloritic  or  talco-chloritic  rock,  with  hornblende,  etc. 

3.  Black  mica,  with  quartz  veins. — Pine  ridge,  16  miles  E.  of  San  Luis  Eey. 

4.  White  quartz,  with  schorl. 

6.  Quartz  and  feldspar ;  granitic  in  its  structure,  and  containing  schorl. — Near  Santa  Isabel. 
6.  Feldspathic  granite,  very  similar  to  the  preceding  specimens.— Near  Acapuloo. 

VII.— Specimens  from  the  central  portion  of  the  dividing  range. 

1.  Granitic  or  sienitic  rock,  composed  of  quartz  with  black  hornblende  in  blotches  and  a 
little  mica. — From  the  bare  peaks  of  the  Cordilleras,  near  the  boundary  line. 
2  Feldspathic  granite,  somewhat  gneissoid. 

3.  Feldspathic  gneissoid  granite. 

4.  Gneiss. 

5.  Hornblende  rock ;  dark  colored. 

This  rock  is  very  similar  in  character  to  much  of  the  rock  of  the  Green  mountain  range. 

6.  Fine-grained  syenitic  rock,  with  hornblende  in  crystals  on  the  surface. 

The  specimens  enumerated  above,  from  2  to  6  inclusive,  are  evidently  from  the  same  formation 
of  metamorphic  rocks  in  the  exposures  of  the  different  beds. 

7.  Rose  quartz  ;  from  a  loose  mass,  though  probably  derived  from  this  metamorphic  belt. 

8.  Black  tourmaline ;  a  loose  ma»8. 
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9.  Crystalline  quart*,  with  black  tourmaline.— Near  the  dividing  ridge  of  the  Cordilleras; 
east  from  San  Diego. 

10.  FeHspathic  granite,  with  mica  in  large  plates.  The  locality  south  from  No.  1  of  this 
series,  and  belonging  to  the  same  (dividing)  range. 

♦ 

VUl.—J9pecun*u  from  the  eastern  stopeofthe  Cordilleras. 

1.  Coarsely  crystalline  granite,  with  much  mica  and  feldspar. — Lower  California. 

2.  8imilar  to  the  last,  but  with  a  less  proportion  of  feldspar.— Lower  California,  near  the 
boundary  line. 

3.  Talcose  slate,  with  Antbophyllite. 

4.  Quartz  in  veins  in  the  talcose  slate.  - 

IX.— Specimens  from  the  isolated  mountains  in  the  great  plain  of  the  CordtHeras,  near  the  mouth 
of  the  Gila,  on  the  west  side  of  the  Colorado  River. 

1.  Syenitic  rock,  composed  of  hornblende  and  feldspar. 

2.  Similar  to  the  last,  but  finer  grained. 

3.  A  granitic  mass,  composed  of  quartz,  feldspar,  and  mica,  with  black  tourmalines. 

4.  A  granitic  mass,  consisting  chiefly  of  quartz  with  laminee  of  white  mica  The  quartz  con- 
tains garnets. 

5.  Gneiss  or  mica  slate,  finely  granular  and  laminated. 

6.  Epidote  rock ;  crystalline. 

7.  Epidote  with  talc;  (two  specimens;)  the  talc  in  thin  minute  scales,  and  the  epidoto  finely 
granular. 

8.  Epidote  and  talc ;  the  epidote  granular,  but  arranged  in  lamina). 

IX. — Miscellaneous  specimens  not  numbered. 

Specimens  designated  as  follows : 

"  August  25,"  compact  and  amygdaloid  traps. 

"August  29,"  marked  as  the  lower  stratum,  is  amygdaloid,  having  the  appearance  of  fine 
volcanic  ashes,  loosely  cemented,  and  containing  a  few  cavities  filled  with  crystalline  matter, 
and  others  empty. 

"  September  16,"  volcanic  tuff. 

"September  17,"  green  quartz  in  a  cavity  of  amygdaloid. 
"September  30,"  specular  iron  ore  connected  with  volcanic  rocks. 
"  October  7,"  reddish,  porphyritic  lava.  « 
"  November  8,  Mount  Carmel,"  coarse  syenitic  aggregate. 
"  November  10,"  reddish  vesicular  porphyry. 
"  Marsh  2,  1852,"  siliceous  rock,  apparently  indurated  trap  tuff. 
"  March  26,  1852,"  granitio  lava,  or  trap  tuff,  with  crystals  of  feldspar,  mica,  &c. 
"  Summit  of  San  Luis  Mountains,"  an  indurated  tufaceous  mass,  with  cavities  lined  with 
quartz. 

"  Mouth  of  Guadeloupe  river,"  semi-metamorphic  red  shale. 
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"  Conglomerate,  mouth  of  Guadalonpe  river,"  breccia,  probably  of  volcanic  origin. 

"Santa  Cruz  Pass,"  compactly  granular  feldspathic  rock,  containing  minute  grains  of  mag- 
netic oxide  of  iron.    Another  specimen  is  of  vesicular  trap  tuff,  colored  red  by  oxide*bf  iron. 

"Rio  Santa  Cruz,  above  Tilbac,"  semi-indurated  volcanic  ash  ;  also  a  specimen  of  coarse 
breccia. 

"  Igneous  rocks  west  of  Salado"— one  specimen  is  compact,  feldspathic  lava  ;  the  other  com- 
pact, coarse  breccia. 

"  Laguna  Santa  Maria,"  finely  vesicular  trap,  with  siliceous  incrustation. 

"  Twenty-five  miles  Bouthwest  of  Frontera,"  highly  vesicular  trap  or  amygdaloid. 

"  Baranca,"  a  granular  amygdaloid. 

The  enumeration  of  this  collection  of  specimens  enables  us  to  deduce  some  general  conclu- 
sions of  great  interest  regarding  the  geological  structure  of  the  country  between  the  Gulf  of 
Mexico  and  the  Cordilleras  range  of  mountains.  The  specimens  from  the  eastern  part  of  this 
range,  taken  in  connexion  with  what  we  know  of  its  character  in  other  places,  and  of  the 
geology  between  this  range  and  the  Pacific  ocean,  are  sufficient  to  give  a  very  correct  idea  of  the 
intervening  space. 

A  broad  belt  along  the  coast  of  the  Gulf  is  occupied  by  deposits  of  very  modern  geological 
age,  which  may  be  referred  to  the  same  period  as  the  drift  and  alluvium.  This  deposit  consists 
of  water- worn  materials — as  sand,  gravel,  pebbles,  &c,  which  have  been  spread  over  the  sur- 
face in  a  very  regular  and  even  manner.  The  general  elevation  of  this  belt  is  300  feet  above 
tide  water,  and  varies  little  in  its  height  for  many  miles  in  extent. 

In  several  places  the  denudation  of  this  deposit  discloses  beneath  it  formations  of  the  earlier 
Tertiary  period.  Approaching  the  borders  of  the  high  table-land  which  commences  at  the  head 
of  navigation  on  the  rivers,  the  cretaceous  formation  appears  at  numerous  points  in  the  river 
beds  and  banks,  and  elsewhere  where  the  superficial  accumulations  are  removed. 

From  the  commencement  of  the  table-lands  westward,  the  specimens  show  the  occurrence  of 
a  broad  belt  of  the  cretaceous  formation,  interrupted  here  and  there  by  isolated  dykes,  or 
mounds  of  trap,  or  other  igneous  rocks  of  modern  age.  Basins  of  Eocene,  marine  Tertiary, 
likewise  occur  at  intervals,  resting  upon  the  cretaceous  beds.  The  specimens  of  the  latter 
formation  consist  of  limestones,  some  of  them  extremely  compact  and  dark,  and  others  light 
colored  and  friable.  Various  admixtures  of  these  with  more  argillaceous  matter,  and  greenish, 
calcareous  sands,  sometimes  partially  indurated,  are  of  frequent  occurrence.  The  numerous 
fossils  collected  from  different  localities  leave  no  doubt  in  regard  to  the  age  of  this  formation.* 

In  localities  where  the  igneous  rocks  are  protruded  through  the  beds  of  this  age,  a  greater  or 
less  degree  of  metamorphisra  has  taken  place.  Sometimes  we  find  a  partial  or  entire  induration 
of  the  contiguous  masses,  and  often  their  metamorpbism  is  so  great  as  to  render  it  difficult  to 
distinguish  their  age  and  relations  from  a  simple  examination  of  specimens. 

Towards  the  west  the  igneous  rocks,  which  firnt  appear  in  small,  isolated  knolls,  gradually 

•  I  thould  not  omit  to  notice  in  thin  place  the  very  valuable  and  interesting  work  of  Dr.  F.  Ba-nicr  upon  the  fosnil*  of 
the  chalk  formation  in  Texas,  "  Kradebitdungen  ton  Thau,"  Ac.  Thin  gentleman  passed  more  than  two  yean  In  tho  United 
State*,  a  considerable  part  of  which  was  spent  in  Texas  Previous  to  the  publication  of  this  work  he  had  published  a 
description  of  that  country,  with  a  geological  map,  &c. 

The  collections  now  under  consideration,  though  for  the  most  part  mode  at  a  distance  from  the  principal  localities  cited 
by  Dr.  Kramer,  correspond  to  a  great  extent  with  those  described  by  him,  and  corroborate  in  the  most  satisfactory  manner 
his  views  of  the  general  geological  structure  of  the  country. 


Digitized  by 


MEXICAN  BOCNDABY  LDVB.  117 

assume  more  importance,  arid  extend  into  long  belts.  In  the  Limpia  range  these  rocks  present 
the  character  of  a  mountain  chain,  having  an  elevation  of  6,000  feet,  and  extending  several 
hnndred  miles  north  and  south.  The  specimens  from  this  range  present  the  characters  of  erup- 
tive and  metamorphic  rocks.  Notwithstanding  the  syenitic  texture  of  some  of  the  beds,  they 
have  still  a  modern  aspect.  The  different  minerals  are  quite  distinct  from  each  other,  not 
blended  and  imbedded  as  in  the  older  metamorphic  rocks,  and  their  mode  of  aggregation  is  also 
unlike.  In  addition  to  this,  the  occurrence  of  igneous  products  of  very  modern  age,  which  are 
intimately  associated  with  these  rocks,  and  apparently  prevail  in  great  quantity,  induce  us  to 
regard  all  these  as  belonging  to  a  system  of  eruption  and  of  elevation  of  very  modern  date. 

We  may,  however,  inquire  what  other  evidences,  if  any,  we  have  in  the  surrounding  rocks 
as  to  the  age  of  these  igneous  mountain  ranges.  The  great  table-land  formed  of  the  cretaceous 
rocks  has  on  its  eastern  margin  an  elevation  of  not  far  from  1,000  feet.  The  surface  of  the 
country  gradually  rises  to  the  westward,  and  near  its  junction  with  the  igneous  rocks  of  the 
Limpia  range  they  have  an  elevation  of  3,000  or  more  feet.  On  approaching  the  range,  also, 
we  find  these  beds  of  cretaceous  age  dipping  at  a  high  angle  in  various  directions,  showing 
great  disturbance  of  the  beds,  apparently  due  to  the  elevation  of  intruded  igneous  masses.  The 
beds  of  cretaceous  rock  have  in  some  instances  been  indurated,  and  otherwise  affected  by  the 
proximity  or  contact  of  igneous  masses. 

We  have,  therefore,  not  only  evidence  of  the  general  elevation  of  the  country  towards  the 
great  central  range  in  the  inclination  of  these  beds,  but  we  have  the  positive  evidence  of  local 
disturbance  and  change  due  to  the  intrusion  of  these  igneous  masses  which  form  isolated 
points  or  mountain  chains. 

Beyond  the  Limpia  range,  in  the  neighborhood  of  El  Paso,  we  have  cretaceous  rocks,  con- 
taining numerous  fossils.  These  beds  rest  upon  carboniferous  limestone,  and  all  have  a  westerly 
dip — the  carboniferous  strata  dipping  at  a  much  higher  angle  than  the  cretaceous.  The  rocks 
of  both  periods  are  complicated  with  volcanic  and  other  igneous  rocks  ;  and  in  some  instances 
the  latter  have  been  protruded  beneath  the  cretaceous  beds,  and  rest  upon  the  carboniferous 
limestone,  which  is  but  partially  altered.  The  cretaceous  beds  of  this  locality  are  about  4,000 
feet  above  tide  water. 

Still  farther  west,  in  the  vicinity  of  Corrilitas,  cretaceous  beds  occur  in  connexion  with  par- 
tially altered  limestones  and  igneous  rocks,  having  an  elevation  of  nearly  5,000  feet  above  the 
level  of  the  sea.  This  is  the  most  westerly  point  at  which  any  cretaceous  fossils  have  been 
found  on  the  line  of  this  expedition. 

The  occurrence  of  cretaceous  deposits  in  this  region  is  of  much  interest  when  taken  in  con- 
nexion with  similar  discoveries  further  to  the  northward.  Captain  Fremont,  in  his  explorations 
of  1843  and  1844,  brought  cretaceous  fossils  from  the  eastern  slope  of  the  Rocky  mountains, 
Smoky  Hill  Fork  of  the  Kansas  river,  in  latitude  39°,  longitude  105°.  In  the  explorations  of 
184«  and  1847,  Lieutenant  Abert  collected  specimens  of  the  same  species  of  cretaceous  fossils, 
(Inoceramua  mytiloides,  =  T.  problematic^,)  at  Poblazon,  on  the  western  Blopo  of  the  Rocky 
Mountains,  in  latitude  35°  13',  longitude  107°  0'  2".* 

•  Profewor  Bailey,  who  identified  Uie  fomiW  in  Lieutenant  Abert'*  collection,  makes  the  following  remark*  :  "  The  fossils 
from  Poblazon  consist  of  gigantic  Hippuritee,  casta  from  the  cella  of  several  speciea  of  Ammonites,  valvea  of  Inoceramua, 
identical  whh  a  species  figured  In  Fremont's  Report.pl.  IV,  fig.  9.t  caste  of  small  univalves  and  bivalves  too  imperfect  for 
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The  same  species  of  Inoceramus  was  brought  from  between  the  Big  and  Little  Bine  rivers, 
(tributaries  of  the  Kansas  river,)  by  Captain  Stansbury.  A  collection  from  several  points  in 
Arkansas,  made  by  Colonel  Fremont  in  his  late  expedition,  and  sent  to  me  for  examination  in 
1854,  contains  also  specimens  of  Inoceramus  problematicue,  associated  with  a  few  other  fossils. 

The  cretaceous  fossils  which  occur  in  the  vicinity  of  Corrilitas  correspond  in  position,  being 
on  the  eastern  slope  of  the  Rocky  Mountains  in  nearly  the  same  meridian  of  longitude' 
and  between  31°  and  32°  of  latitude.  In  each  of  these  explorations  the  points  mentioned 
were  the  farthest  west  at  which  cretaceous  rocks  with  fossils  were  obtained. 

The  identity  of  fossils,  the  occurrence  of  the  same  species  of  Inoceramus  in  all  these  localities, 
and  its  association  at  Poblawm  with  Hippurites,  as  in  the  collections  of  the  Boundary  Survey, 
indicate  very  clearly  the  same  geological  horizon  for  the  strata  of  all  these  localities  from  the 
Kansas  river  to  New  Mexico. 

The  dip  of  the  strata  in  the  localities  is  influenced  by  the  igneous  rocks  in  immediate  prox- 
imity, and  is  therefore  variable,  often  inclining  to  the  west ;  while  the  general  dip  of  the 
formation  is  in  the  opposite  direction.* 

To  the  west  of  the  last  named  localities  there  occur  various  stratified,  partially  metamorphic 
rocks,  some  of  which  may  be  of  cretaceous  age ;  but  the  information  possessed  warrants  no  more 
than  a  probable  inference.  One  of  the  specimens  is  a  somewhat  coarse  and  rather  loosely 
aggregated  calcareous  gray  sandstone,  and  another  is  a  partially  metamorphic  silicious  slate. 

The  principal  features  developed  by  this  collection  show  the  existence  of  a  broad  belt  of 
cretaceous  rocks,  in  almost  uninterrupted  continuity,  along  the  Bio  Grande,  from  below  Laredo 
to  beyond  San  Vincente.  On  either  side  are  igneous  rocks  occupying  a  greater  or  less  extent ; 
and  beyond  the  junction  of  the  Bio  Pecos  these  igneous  belts  become  of  more  frequent  occurrence 
and  of  greater  extent.  The  older  tertiary  deposits  occupy  isolated  basins  in  the  cretaceous 
formation,  and  both  are  covered  indiscriminately  by  the  alluvium. 

In  many  places,  these  drift  or  alluvial  deposits,  consisting  of  waterworn  materials,  with  saline 
efflorescences,  gypsum,  &c,  are  spread  out  over  large  areas  of  the  cretaceous  formation  which 
forms  the  fundamental  rock  of  the  Llano  Estacado  or  Staked  Plain. 

The  almost  constant  occurrence  of  the  carboniferous  limestone,  with  these  igneous  and  meta- 
morphic belts,  along  a  great  north  and  south  extent,  taken  in  connexion  with  our  knowledge  of 
the  existence  of  this  formation  on  the  west  and  northwest  of  the  Mississippi  valley  and  in 
Arkansas,  offers  almost  conclusive  evidence  that  nearly  or  quite  all  the  intermediate  space  is 
occupied  by  the  same  strata  underlying  the  cretaceous  formation. 

We  already  know  of  a  similar  association  of  the  carboniferous  limestone,  over  a  large  extent 
of  country,  in  the  vicinity  of  the  Great  Salt  Lake,  and  at  intervals  farther  to  the  south ;  and 
the  facts,  in  connexion,  afford  a  very  probable  inference  that  it  occurs  in  similar  associations 
from  the  southern  boundary  of  the  United  States,  or  latitude  28°,  to  above  the  42d  parallel. 

determination,  ud  teeth  of  sharks.  Thew  fossils  prove  that  the  strata  from  which  they  were  taken  belong  to  the  cretaceous 
formation.  The  existence  of  Taat  beds  of  this  formation  on  the  east  aide  of  the  Rock/  Mountains,  and  extending  from  the  upper 
Missouri  to  Texas,  is  well  known.  The  occurrence  of  the  same  formaUon  on  the  western  side  of  the  primary  axis  of  the  Rocky 
mountains,  is  quite  interesting .  '* 

"  The  dip  of  the  rocks  at  Poblaxon  is  to  the  west,  or  from  the  Rocky  Mountains ;  and  this  proves  that  these  mountains  ha.tr* 
been  elevated  since  the  deposition  of  the  cretaceous  bed*.  It  is,  therefore,  probable  that  the  cretaceous  bed*  on  both  sides  of 
the  Rocky  Mountains  were  made  by  the  same  ocean." 

•  The  inferences  in  regard  to  dip,  See.,  are  founded  cn  observations  and  sections  furnished  by  Dr.  C.  C.  Parry. 
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The  relative  position  of  these  cretaceous  beck  is  precisely  the  flame  throughout  Texas  that  it 
is  along  the  valley  of  the  Mississippi  river,  in  the  States  of  Tennessee,  Arkansas,  Illinois,  and 
Missouri,  where  they  rest  upon  the  upper  carboniferous  strata. 

In  an  economical  point  of  view,  the  most  important  results  shown  by  this  collection  are  the 
almost  constant  association  of  metalliferous  products  at  the  junction  of  the  igneous  with  the 
metamorphic  rocks  of  the  carboniferous  period,  or  perhaps  sometimes  with  metamorphic  rocks 
of  more  ancient  date. 

The  collection  of  silver  lead  ores  and  copper  ores,  from  different  veins,  with  the  associated 
rocks,  show  that  they  are  always  near  the  junction  of  the  igneous  formations,  and  the  superin- 
cumbent more  or  less  altered  limestones.  The  metalliferous  veins,  it  would  appear,  always 
penetrate  the  limestones,  which  vary  in  character  from  gray  or  grayish  blue  granular  beds  with 
fossils,  to  light  colored  or  nearly  white  crystalline  limestones.  The  specimens  which  can  be 
identified  are  clearly  of  carboniferous  age,  though  some  erratic  specimens  show  that  the  older 
Palaeozoic  limestones  may  enter  into  this  combination  ;  and  possibty  some  of  the  cretaceous  beds 
have  become  so  altered  as  to  be  undistinguishable  from  the  older  rocks,  though  we  have  yet  had 
no  proof  of  extensive  metamorphism  in  rocks  of  this  age. 

These  circumstances,  nevertheless,  do  not  affect  the  general  inferences  regarding  the  metal- 
liferous character  of  the  rocks  at  or  near  the  junction  of  the  two  systems.  The  facts  before  us 
warrant  the  conclusion  that  the  conditions  enumerated  apply  not  only  to  the  region  actually 
travelled  over,  but  also  to  the  highly  metalliferous  regions  farther  to  the  south  in  the  same 
range.  These  facts  also  suggest  the  importance  of  a  more  careful  examination  of  this  range 
in  its  northern  extension,  which  we  already  know  to  have  the  same  geological  constitution,  but 
which  has  scarcely  been  explored  with  a  view  to  its  economical  resources. 
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OBSERVATIONS  UPON  THE  IGNEOUS  AND  MET  AMORPHIC  ROCKS,  AND  ASSO- 
CIATED MINERALS,  IN  THE  BOUNDARY  SURVEY  COLLECTIONS. 

The  preceding  catalogue  of  specimens,  with  observations  upon  their  character  and  geological 
age,  and  a  resume1  of  their  geographical  distribution,  may  very  properly  be  followed  by  some 
notice  of  their  relative  positions  in  the  series,  and  their  correspondence  with,  or  difference  from, 
others  of  the  same  age  in  other  parts  of  the  country. 

From  time  to  time,  and  from  various  sources,  we  have  learned  that  large  areas  of  the  central 
portion  of  this  continent  are  occupied  by  rocks  of  igneous  or  metamorphic  character  ;  and  that 
the  plains  and  valleys  present  geological  formations  of  different  and  more  recent  periods.  "We 
have  also  been  made  aware  of  the  entire  distinctness,  in  character  and  origin,  as  well  as 
geographical  separation,  of  the  great  mountain  chain  of  the  Cordilleras,  or  Sierra  Nevada  of 
the  North,  from  the  more  easterly  ranges  of  the  Rocky  Mountains. 

Physically,  the  great  central  mountain  region,  or  Rocky  Mountain  chain,  with  its  subordinate 
ranges,  is  clearly  as  distinct  from  the  western  chain,  notwithstanding  there  may  bo  numerous 
isolated  peaks  and  short  broken  ranges,  which  form  a  partial  connexion  between  them.  Still, 
again,  the  Sierra  Nevada  and  the  coast  range  are  recognized  as  geographically  distinct. 

Geology  has  likewise  proved  these  several  mountain  ranges  to  be  of  different  origin  and  of 
different  age.  The  Cordilleras,  or  Sierra  Nevada,  and  the  subordinate  ranges,  or  isolated 
mountains  dependent  upon  that  stupendous  chain,  are  all  of  the  older  metamorphic  rocka, 
consisting  of  stratified  rocks  of  Palaeozoic  age,  Silurian,  devonian,  and  perhaps,  to  somo  extent, 
of  carboniferous  strata,  which  have  been  changed  from  their  original  condition,  and  finally 
elevated  into  mountains.  The  lithological  character  and  mineral  products  are  identical  with 
the  rocks  of  the  Appalachian  chain,  which  form  the  great  elevation  from  Canada  and  Nova 
Scotia  to  Alabama,  on  the  eastern  side  of  our  continent.  Their  lithological  characters  and 
mineral  products  correspond  likewise  with  rocks  known  to  be  of  that  age  in  other  parte  of  the 
world. 

The  series  of  specimens  in  the  boundary  collections,  and  the  specimens  in  other  collections, 
brought  from  this  mountain  range,  exhibit  all  the  varieties  of  mineral  materials  and  differences 
of  aggregation  presented  in  a  series  of  the  rocks  of  the  Appalachian  formations.  The  auriferous 
gravel  of  California  is  derived  from  the  quartz  veins  in  the  slates  and  other  rocks  of  the  Sierra 
Nevada,  as  the  auriferous  gravels  of  Canada,  Virginia,  the  Carolina*,  and  Georgia  are  derived 
from  the  quartz,  veins  of  the  Appalachian  rocks.  The  auriferous  quartz  veins  of  California  are 
the  same  in  character,  in  age,  and  origin,  as  those  traversing  the  metamorphic  rocks  of  the 
great  eastern  chain  from  Canada  to  Georgia. 

There  are  even  stronger,  though  more  subtle,  analogies  between  the  rocks  and  minerals  of 
these  widely  distant  mountain  regions,  when  submitted  to  the  researches  of  the  chemist. 
Rocks  and  compound  minerals,  while  known  by  the  same  names,  are  often  found,  on  careful 
analysis,  to  possess  different  proportions  of  certain  elements ;  or  they  may  in  one  case  contain 
an  elementary  mineral  substance  not  known  in  the  other.  Now,  even  in  this  regard,  the 
researches  of  chemistry  have  proved  that  certain  mineral  products  of  the  one  mountain  chain 
are  precisely  similar  to  the  same  in  the  other.  And  we  might  go  still  further,  and  show  that 
the  order  of  succession  among  beds  of  a  certain  character  ia  the  same  in  both  mountain  chains, 


Digitized  by  Google 


MEXICAN  BOUNDARY  LINE. 


121 


and  prove  alio,  by  dynamic  and  chemical  laws,  that  it  could  not  have  taken  place  in  any  other 
order. 

The  present  occasion  does  not  require  the  details  of  comparison  between  these  two  ranges  of 
the  samo  age.  Still,  it  is  not  a  little  interesting  to  know  that  two  mountain  chains,  produced 
from  the  metamorphism  of  series  of  strata  of  the  same  age,  now  form,  the  one  the  eastern,  and 
the  other  the  western,  outlines  of  our  continent.  The  one  has  a  direction  from  northeast  to 
southwest,  and  the  other,  almost  at  right  angles,  from  the  northwest  to  the  southeast, 
giving  us  the  great  breadth  of  continent  at  the  north,  and  the  narrow  southern  extremity. 

The  coast  range  of  mountains  presents  us  with  quite  distinctive  features  in  the  specimens, 
and  we  know  from  many  sources  that  it  consists  of  recent  igneous  rocks  and  metamorphic  strata 
of  very  modern  age,  the  igneous  products  being  chiefly  greenstone  or  basalt,  amygdaloid,  and 
materials  of  similar  character.  Further  east,  the  Cordilleras  offer  a  striking  contrast  in  the 
collections  to  those  made  along  the  route  travelled  from  the  coast  of  Texas  to  the  westward. 
From  the  coast  to  the  Rio  Grande,  the  specimens  from  the  Limpia  range,  from  the  Sierra 
Madre,  and  the  Organ  Mountains  present  no  character  similar  to  those  from  the  Cordilleras. 
The  granites  are  all  of  different  aspect,  with  glassy  feldspar,  occuring  in  connexion  with  known 
volcanic  products,  as  porphyry,  greenstone,  and  mixtures  of  quartz,  feldspar,  and  olivine,  etc. 

There  are  among  these  no  granites  assuming  a  gneissoid  structure ;  no  granites  with  shorl, 
tourmaline,  or  garnets ;  no  talcous  (pholerite)  slates,  chloritic  or  mica  slate  rocks,  as  in  the 
Cordilleras.  The  lithological  aspect  of  the  two  collections  is  at  once  conclusive  of  their  different 
age  and  origin. 

Whatever  the  Rocky  Mountains  may  offer  in  other  parts  of  their  range,  that  passed  over  in 
the  boundary  survey  gives  no  indication  of  the  occurrence  of  the  older  metamorphic  rocks. 
Indeed,  the  materials  of  purely  igneous  origin  so  largely  preponderate,  that  the  few  metamor- 
phic specimens  appear  quite  subordinate ;  while  the  observations  accompanying  the  igneous 
specimens  prove  that  they  form  nearly  entire  mountains  which  are  crossed  upon  the  route. 

We  are  aware  that  further  to  the  north  there  are  extensive  mountains,  which  bear  rather  the 
character  of  metamorphic  than  of  igneous  products ;  but  even  these  do  not  resemble  the  meta- 
morphic rocks  of  the  western  chain. 

In  the  specimens  from  this  range,  we  see  the  predominating  influence  of  volcanic  action,  and 
the  result  of  the  same  action  in  the  influence  of  heated  waters  holding  silex  in  solution,  by 
which  the  more  porous  masses  have  been  penetrated  and  become  solid,  or  so  changed  in  color 
and  condition  that  there  is  an  almost  infinite  variety  of  these  products  of  one  prime  source. 
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OBSERVATIONS  ON  THE  CARBONIFEROUS  LIMESTONE  OF  TIIE  BOUNDARY 
SURVEY  COLLECTIONS,  AND  ITS  RELATIONS  WITH  THE  CARBONIFEROUS 
LIMESTONES  OF  THE  MISSISSIPPI  VALLEY. 

The  carboniferous  limestone,  so  often  mentioned  in  the  preceding  pages,  and  which  has  been 
usually  referred  to  in  published  reports  as  "  Carboniferous  limestone,"  and  as  "Lower  carbo- 
niferous limestone,"  is  actually  of  the  same  age  as  the  coal  measures.  This  point  we  have  but 
lately  had  the  means  of  satisfactorily  determining. 

Several  species  of  fossils  were  known  to  characterize  this  formation  over  a  wide  extent  of 
country,  and  from  their  associations  the  rock  was  referred  simply  to  "carboniferous  limestone,"* 
without  distinguishing  the  order  of  position  among  the  different  members  of  that  series.  Among 
these  species  were  several  known  to  occur  in  the  coal  measures  of  Ohio,  Indiana,  Illinois,  Iowa, 
and  Missouri,  while  none  of  them  were  characteristic  of  the  lower  carboniferous  limestones. 

In  the  Missouri  Geological  Report  of  1855,  Professor  Swallow  has  placed  the  limestones  and 
shales  of  Weston  and  other  localities,  which  contain  these  fossils,  in  the  upper  coal  measures. 
At  the  same  time,  some  of  them  are  known  to  occur  in  the  lower  coal  measures  ;  and,  with  our 
present  knowledge,  we  are  constrained  to  believe  that  certain  species  occur  both  in  the  upper 
and  lower  coal  measures  of  the  west. 

In  order  to  understand  fully  the  relations  of  this  higher  carboniferous  limestone  of  the  west 
to  the  other  members  of  the  series  termed  carboniferous,  it  is  necessary  to  present  the  following 
section  of  these  rocks,  beginning  with  the  upper  member : 


Sutton  qf  the  earioniferout  limtilonu  and  the  coal  nuatunt  in  the 
fUty  tf  iht  Mumtippi. 

Shalet,  shaly  sandstones,  sandstones,  and  seams  of  coal, 
with  sbaly  and  more  compact  limestone,  constituting 
the  *pp*r  coal  measures.  This  limestone  ia  designawd 
aa  the  upptr  csroont/rreu*  limttttnt,  and  constitutes  the 
carboniferous  limestone  of  the  Rocky  Mountains. 
Coal  BoMuta  b«tow  I  be  limestone,  being  the  tnldilt  and 
lever  coal  measure*  of  the  Missouri  report,  and  the 
lower  coal  measures,  in  part,  of  Ohio  and  Pennsj lvania. 

VI. — Ksskaakla,  or  Upper  Archimedes  limestone  , 

V. — Gray,  brown,  or  ferruginous  sandstono  


VII. 


ILOCAUTIES. 

Localilite  of  Iht  vpptr  carlxm\frroHS  Ibntstont,  Ohio;  Indiana. 
Illinois;  Weston  and  Bellerue,  Missouri;  Great  Salt  Lake, 
Uuh  Territory ;  near  Santa  ft,  and  at  the  Pecos 
New  Moxico,  etc 


Ohio,  Indiana,  Illinois,  Missouri,  etc. 


IV.— St.  Louis 


or  concretionary  lii 


f  Arenaceous  bed  •  

HI.  <  Warsaw,  or  second  Archimedes  limestone  

{  Magneaian  limestone  

Beds  of  passage,  shale  or  marl,  with  geodea  of  quartz,  etc 
II.— Keokuk  limestone,  or  Lower  Archimedes  limestone.. . . 

Bods  of  pasaago,  (cherty  beds,}  GO  to  100  feet  ... 

I. — Burlington  limestone  „  

Oolitic  limestone  and  argillaceous  sandstone  of  the  Che- 


Kasksekia  and  Cheater,  Illinois;  St  Mary 'a,  Missouri,  etc  .... 
Below  St.  Genevieve,  Missouri,  between  Prairio  da  Rocher 

and  Kukaskin,  Illinois. 
St.  Louis,  St.  Genevievo,  Missouri  ;  Alton,  Illinois ;  highest 

beds  below  Keokuk,  Iowa. 

|  Warsaw  and  Alton,  Illinois;  Spergen  Hill,  Bloomiiigton,  Ind. 

Keokuk,  Iowa;  Warsaw,  Illinois   

Keokuk,  Iowa;  Quiocy,  Illinois;  above  St.  Genevieve,  Mo... 

Rapida  of  the  Mississippi,  above  Keokuk  

Burlington,  Iowa;  Quincy,  Illinois;  Hannibal,  etc.,  Missouri.. 
Burlington,  Iowa;  Hannibal,  Missouri  


*  Dr.  Owon  in  his  report  upon  the  Cbippewa  land  distiict,  gives  numerous  sections  of  the  carboniferous  limestone  in  the 
Mississippi  and  Missouri  vslleys.and  ila  connexion  with  beds  of  coal;  but  he  does  not  .peak  positively  with  regard  to  the  position 
of  this  roek  or  its  distinction  from  the  carboniferous  limestones  below. 
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The  limestones  in  the  lower  part  of  the  section  are  those  usually  termed  "  carboniferous 
limestone."  The  group  consists  of  distinct  members,  each  marked  by  numerous  characteristic 
fossils,  and,  the  whole  together  representing  the  phases  of  a  calcareous  formation,  going  on  in  an 
ocean,  where  the  conditions  of  its  bed  and  its  limits  were  subjected  to  change. 

The  limestones  of  this  period  are  well  developed  in  the  valley  of  the  Mississippi,  from  above 
Burlington,  in  Iowa,  and  Oquaka,  in  Illinois,  as  far  south  as  below  the  towns  of  Kaskaskia 
and  Chester,  on  the  Illinois  side,  and  St.  Genevieve  and  St.  Mary's,  on  the  Missouri  side. 
Several  of  the  members  are  known  in  Indiana,  and  one  or  more  in  Kentucky,  Tennessee,  and 
Alabama,  and  also  in  Arkansas.  Throughout  all  this  region  these  limestones,  whether 
developed  as  the  fall  series  or  in  a  single  member,  underlie  the  coal  measures  proper. 

In  all  the  collections  which  I  Lave  examined  from  Texas  and  New  Mexico,  and  from  points 
further  north  in  the  same  line,  and  particularly  in  the  collections  made  by  Captain  Stansbury, 
on  his  route  from  the  Missouri  to  the  Great  Salt  Lake,  and  in  that  region,  I  have  never  observed 
fossils  which  are  characteristic  of  any  member  of  the  lower  carboniferous  limestone.  We  have, 
thus  far,  no  evidence  of  the  occurrence  of  lower  carboniferous  strata  among  the  Rocky  mountains ; 
while  at  intervals  from  the  northern  limits  of  the  United  States  along  the  range  of  the  Rocky 
Mountains,  and  both  east  and  west  of  the  principal  range,  we  have  the  upper  carboniferous 
limestone  everywhere  more  or  less  perfectly  indicated  by  its  characteristic  fossils.  Among  these 
are  Bpirifer  ccaneratus,  8.  UnecUu*,  Terebratxda  subtilita,  Prodvdus  Roger  si,  P.  semireiicvlaivs, 
Zaphrentis  Stansburyi,  and  others.  From  a  recent  comparison  of  specimens  from  Ohio,  Illinois, 
Iowa,  Missouri,  Kansas,  Texas,  and  New  Mexico,  I  find  the  same  association  of  species  from 
numerous  localities.* 

In  the  eastern  and  northern  part  of  the  State  of  Ohio,  (and  perhaps  extending  into  Pennsyl- 
vania,) there  are  thin  bands  of  limestone  associated  with  the  coal  measures.  These  beds  are 
usually  shaly  in  character,  often  separated  by  wide  vertical  joints,  and  weather  to  a  brown 
color.  Although  recognized  at  numerous  points,  I  am  not  aware  that  these  beds  have  been 
regarded  as  continuous,  though  they  are  doubtless  indications  of  a  continuous  formation.  A 
comparison  of  fossils  from  numerous  points  in  the  coal  measures  of  the  West,  shows  very  con- 
clusively that  one  or  more  of  these  beds  of  limestone  are  continuous,  or  at  least  that  the  same 
association  of  fossil  species  occur  at  so  many  points  as  to  leave  no  doubt  of  a  similarity  in  the 
conditions  of  the  ocean  bed  over  a  wide  area  now  occupied  by  the  coal  measures. 

One  of  these  bands  of  shaly  limestone,  containing  throughout  the  same  species  of  fossils,  may 
be  traced  from  northeastern  Ohie,  Or  even  from  Pennsylvania,  through  Indiana,  Illinois,  Iowa, 
and  Missouri,  becoming  in  the  latter  State,  and  in  the  adjoining  parts  of  Nebraska  and  Kansas, 
an  important  limestone  formation,  and  constantly  increasing  in  a  westerly  direction  until  it 
becomes  the  prominent  limestone  of  the  Rocky  Mountain  range. 

According  to  the  report  of  Captain  Stansbury,  and  from  specimens  brought  by  him  from  the 
Salt  Lake  region,  we  learn  that  it  there  forms  extensive  mountain  ranges  or  at  least  that  it  is 

•  It  «u  from  a  limeetone  in  the  coal  meaaure*  of  Ohio  that  Dr.  Hildrsth  procured  several  epeciea  of  foeeile  which  are 
drecribed  by  Dr.  Morton  in  the  American  Journal  of  Science,  Vol.  nix.  Tin?  Spiriftr  camrrwhu  of  that  pepor  appear*  to  be 
Identical  with  una  described  by  Dr.  Roemer  aa  S.  .Veuukachanut,  and  by  the  writer  aa  S.  triptl&Uut,  in  Stanabury'e  report,  and 
the  aame  ie  referred,  with  doubt,  by  Dr.  Owen  to  Spirifer  ftucigtraf  Keraorling.  The  epecie*  preaenta  mueh  variety  in  different 
localitiea,  but  a  companion  of  apecimena  from  Ohio,  Iowa,  Miaaouri,  Texea,  and  New  Mexico,  lead*  me  to  infer  that  they  are 
all  of  a  « n§lo  ■pecie*  Aral  described  by  Dr.  Morton.  It  ia  poaaible  that  farther  comperieora  may  ahow  the  occurrence  of  two 
closely  allied  apedce,  but  more  eiteneive  collectiona  are  required  for  thla  purpoee. 
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the  moat  conspicuous  rock  of  the  north  and  south  ranges  in  the  vicinity  of  the  Great  Salt  Lake. 
The  limestone  from  these  localities  is  a  dark-blue,  compact  rock,  often,  in  specimens,  gray  and 
subcrystalline,  and  sometimes  with  sparry  veins. 

This  limestone,  identifed  by  its  fossils,  is  found  in  the  collections  made  near  Santa  F6,  New 
Mexico,  at  the  Pecos  village,  the  Mogollan  Mountains,  at  El  Paso,  upon  the  river  San  Pedro, 
and  the  numerous  other  localities.  From  a  sketch  and  the  notes  of  Dr.  Parry,  before  alluded 
to,  this  limestone  forms  a  conspicuous  part  of  some  of  the  mountains  along  the  boundary  line. 
There  can  be  little  doubt  that  the  same  limestone  occurs  much  further  to  the  southward,  and 
that  it  constitutes  the  principal  calcareous  formation  of  that  part  of  the  country,  whether  in  an 
unaltered  or  in  a  metamorphic  condition.  It  is,  as  already  stated,  the  limestone  traversed  by 
veins  of  silver  lead,  from  which  specimens  have  been  brought  in  the  boundary  collection. 

The  collections  of  Dr.  Roemer,  from  Texas,  indicate  very  clearly  the  occurrence  of  this  lime- 
stone at  the  places  examined  by  him ;  and  he  gives  no  figures  of  species  belonging  to  lower 
carboniferous  limestones. 

From  the  massiveness  and  compact  texture  of  many  of  the  specimens  from  the  southwest,  and 
the  subcrystalline  character  of  otherB,  we  are  prepared  to  find  that  this  rock  has  become  much 
more  extensively  developed  than  in  the  northeast,  or  even  in  Missouri  or  Kansas ;  and  it  would 
appear,  also,  that  the  shaly  beds  which  accompany  the  limestone  in  these  localities  and  are 
often  more  conspicuous  than  the  limestone  itself,  have  diminished  so  far  as  to  form  no  striking 
feature  in  the  far  west  and  southwest.  We  are  not  able  to  learn  that  it  is  there  ever  accompa- 
nied by  coal,  and  it  is  presumed  that  the  shaly  and  sandy  materials  associated  with  the  coal,  as 
well  as  the  coal  itself,  have  thinned  out  in  that  direction,  or  become  of  such  tenuity  as  to  be  of 
no  importance. 

The  relations  of  this  limestone  to  the  lower  coal  measures,  in  the  States  bordering  the  Missis- 
sippi river,  render  its  occurrence  a  subject  of  interesting  economical  inquiry.  Since  we  know 
that  the  most  extensive  and  valuable  beds  of  coal  in  the  west  are  of  the  lower  coal  measures 
which  lie  beneath  the  upper  limestone,  they  may  still  be  found  to  underlie  the  upper  carboniferous 
limestone  of  the  Rocky  Mountains,  as  they  do  the  same  limestones  in  Kansas,  Missouri,  Iowa, 
Illinois,  and  Indiana.  Thus  far  I  am  not  aware  that  any  inquiries  of  this  kind  have  been 
instituted  in  the  explorations  and  surveys  already  made. 

Having  thus  briefly  described  the  range  of  the  upper  carboniferous  limestone,  we  may  now 
take  a  comprehensive  view  of  its  conditions  and  extent.  Wo  find  that  during  the  coal  period, 
in  the  States  east  of  the  Mississippi  river,  thin  strata  of  limestone,  or  calcareous  shale, 
were  deposited.  These  are  charged  with  brachiopoda,  of  genera  characterising  the  car- 
boniferous limestone  below  the  coal  measures,  though  of  species  distinct  and  peculiar. 
So  thin  and  insignificant  is  this  formation,  that  we  can  scarcely  regard  it  as  the  product  of  a  wide 
and  deep  ocean.  Tracing  it  westward,  however,  its  importance  increases  ;  from  being  entirely 
subordinate  to  the  coal  measures  proper,  and  scarcely  affecting  the  character  of  that  formation, 
it  becomes  a  characteristic  mass ;  the  calcareous  mud  mingles  with  the  coal,  and  the  latter 
becomes  subordinate  to  the  limestone  and  calcareous  shales.  Still  further  west  it  is  a  vast  lime- 
stone formation,  next  in  importance  to  the  great  calcareous  formation  below  the  coal,  or  lower 
carboniferous  limestone  formation. 

The  conditions  favorable  to  the  production  of  an  extensive  deposit  of  marine  limestone  are 
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not  such  as  usually  accompany  the  production  of  coal.  In  the  present  instance,  the  ocean, 
depositing  the  great  limestone  formations  previous  to  the  coal  period,  occupied  to  a  great  extent 
the  present  area  of  the  coal  measures  which  succeeded.  Land  plants  in  excessive  growth, 
estuary  or  shallow  water  shells  attend  the  production  of  the  coal  and  its  associated  strata.  We 
begin  thus  to  comprehend  the  truth  that,  during  the  period  of  the  great  coal  formations  of  the 
Appalachian,  and  the  Mississippi  valley,  there  existed  a  broad  ooean  at  the  far  west  and  south- 
west, in  which  these  calcareous  deposits  were  in  course  of  formation  ;  that  during  the  oscillations 
which  we  know  to  have  occurred  throughout  the  coal  period,  there  was  a  time  when  the  whole  area 
became  depressed  so  as  to  allow  the  waters  of  the  southwestern  ocean  to  flow  over  all  the  coal- 
measure  area,  or,  at  least,  as  far  northward  and  eastward  as  the  northeastern  part  of  Ohio  ;  and 
from  hence  is  derived  the  limestone  under  consideration.  The  calcareous  bands  deposited  along 
the  northeastern  margin  of  this  ocean,  we  now  find  interstratified  with  seams  of  coal,  and  beds 
of  shale  and  sandstone  containing  land  plants;  while,  as  the  waters  deepened  towards  the  south- 
west, the  formation  exhibits  the  differences  of  character  which  we  would  necessarily  expect  to 
find  in  an  ocean  deposit. 

The  evidence  of  the  existence  of  this  ocean  in  the  far  west  and  southwest,  during  the  coal 
period,  amounts  to  almost  a  proof  that  the  conditions  of  that  area,  wtiich  now  constitutes  a  part 
of  the  continent,  were  never  such  as  to  admit  of  the  production  of  coal  plants,  and  the  deposit  of 
such  materials  as  make  up  the  coal  measures,  at  least  during  the  latter  part  of  the  coal  period. 
In  regard  to  the  earlier  part  of  that  period,  or  the  time  in  which  the  lower  coal  measures  were 
formed,  we  have  not,  as  I  conceive,  at  present,  the  means  of  fully  deciding  what  were  the  con- 
ditions in  the  central  and  southwestern  part  of  our  continent. 
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OBSERVATIONS  UPON  THE  CRETACEOUS  STRATA  OF  THE  UNITED  STATES, 
WITH  REFERENCE  TO  THE  RELATIVE  POSITION  OF  THE  FOSSILS  COL- 
LECTED BY  THE  BOUNDARY  COMMISSION. 

The  list  of  foBsil  species  from  the  localities  visited  by  the  Boundary  Commission  shows  so 
large  a  number  identical  with  those  described  and  figured  by  Dr.  Roomer  in  his  Kreidebildungen, 
von  Texas,  that  we  cannot  doubt  the  occurrence  of  the  same  beds  throughout  the  whole  extent 
surveyed,  as  far  as  the  neighborhood  of  El  Paso  and  Frontera.  These  collections,  made  at 
intervals  over  so  wide  an  extent,  would  be  likely  to  give  us  some  representative  species  from 
different  and  successive  beds  of  the  formation,  should  it  there  exhibit  similar  subdivisions  as  are 
elsewhere  known  in  this  formation,  in  other  parts  of  the  country.  With  the  exception  of  two 
species,  they  are  all  distinct  from  those  known  in  the  cretaceous  formation  of  New  Jersey  and 
Alabama,  where  the  fossils  have  been  most  carefully  studied.  They  are  equally  distinct 
from  the  species  occurring  in  Nebraska  ;  while  those  from  the  last-named  region  present 
so  many  species  in  common  with  New  Jersey  and  Alabama,  that  we  cannot  doubt  the  general 
equivalency  of  the  beds  in  these  distant  points.  The  species  known  from  Tennessee  are  likewise 
identical  with  New  Jersey  species  to  a  great  extent,  leaving  no  doubt  as  to  the  exact  equivalency 
of  the  formation  in  the  two  localities. 

The  cretaceous  formation,  as  known  in  New  Jersey,  can  therefore  be  traced  by  the  Atlantic 
coast  to  Alabama,  and  thence  into  Tennessee,  and  even  southern  Illinois;  and  though  not  yet 
followed  continuously  to  the  northward,  it  is  nevertheless  recognized  in  Nebraska  by  numerous 
identical  species  of  fossils. 

When  we  carry  forward  our  investigations  in  a  southwesterly  direction,  however,  we  soon 
lose,  to  a  great  extent,  the  evidence  of  identity  in  the  fossils  ;  and  in  Arkansas  the  Exogyra 
coetala,  Osfrea  vesicularis,  and  Trigonia  ihoracica,  are  almost  the  only  species  identical  with 
those  known  on  the  east  of  the  Mississippi  river,  and  in  Nebraska.  At  the  same  time,  other 
species  occur  in  considerable  abundance,  which  are  of  decidedly  cretaceous  character,  leaving  no 
doubt  of  the  existence  of  that  formation,  though  we  have  lost  the  evidences  which  guide  us  in 
more  eastern  localities. 

Since  this  change  in  the  character  of  the  fossils  is  quite  observable  as  far  north  as  Fort 
Washita,  in  Arkansas;  and  since  the  types  of  the  green  sand  of  New  Jersey  and  Alabama 
extend  as  far  north  as  Tennessee  and  Illinois,  it  is  clear  that  the  change  is  not  due  to  climatic 
influence  or  to  geographical  distance.  It  would  moreover  be  unreasonable  to  suppose  that  such 
a  change  in  the  nature  of  the  sediment  had  taken  place  as  to  destroy  within  "this  short  distance 
all  the  forms  of  life  ho  well  known  further  east,  and  replace  them  with  others  adapted  to  the 
different  condition.  Indeed,  we  are  not  informed  that  there  is  any  great  change  in  the  litho- 
logical  character  of  the  strata  ;  though  it  is  true  that  the  cretaceous  beds  of  Arkansas,  Texas, 
and  New  Mexico,  (as  we  judge  from  the  specimens,)  are  more  calcareous  than  those  of  New 
Jersey  and  Nebraska.  But  they  are  not  more  so  than  in  Alabama,  where  the  "  Rotten  lime- 
Btone"  attains  a  thickness  of  400  feet,  and  contains  species  common  to  the  regions  just  referred  to. 

It  is  not  due  therefore  to  difference  of  latitude,  or  to  a  change  of  conditions  in  the  sediment, 
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that  wo  have  this  difference  in  the  organic  remains  of  the  formation  ;  hut  it  is  doubtless  true 
that  this  region  of  the  cretaceous  formation  of  the  southwest,  which  has  yielded  nearly  all  the 
fossils,  represents  a  different  epoch  in  the  cretaceous  period  from  those  beds  further  east  and  in 
the  northwest,  of  which  the  organic  contents  are  better  known. 

The  relations  of  that  part  of  the  cretaceous  formation,  which  is  developed  in  Texas  and  New 
Mexico,  to  the  same  formation  as  known  on  the  east  of  the  Mississippi  river  and  in  Nebraska, 
becomes  a  matter  of  much  interest  and  importance. 

The  various  examinations  in  Texas  and  in  Arkansas,  as  well  as  along  several  lines  of  survey, 
do  not  give  us  any  sections  of  these  beds  showing  their  relations  with  other  formations,  or 
indications  that  there  may  be  more  than  a  single  member  of  the  cretaceous  formation  from 
which  all  these  fossils  have  been  derived. 

Before  attempting  to  theorize  in  regard  to  the  probable  cause  of  this  difference  in  the  fossils 
of  the  cretaceous  strata  at  these  distant  points,  we  may  bring  together  in  a  general  manner  the 
results  of  investigations  made  at  various  points  and  at  different  times,  which  may  serve  to  throw 
Bome  light  upon  this  question. 

In  the  earlier  investigations  of  the  cretaceous  formations  of  New  Jersey  and  other  parts  of  the 
United  States,  Dr.  Morton  subdivided  the  whole  into  three  groups  or  divisions. 

First  Group. — Upper  cretaceous  strata. 

Second  Group.— Medial  cretaceous  strata. 

Third  Group.— Lower  cretaceous  strata. 

The  upper  division  embraced  the  Nummulite  limestone  of  Alabama,  being  especially  charac- 
terized by  the  presence  of  Plagiostoma  dumosum,  Nummulitee  Manteilii,  (Orbiloidea  Mantdli.) 
This  rock  is  now  regarded  ha  belonging  to  the  older  Tertiary  formations. 

The  medial  division  was  regarded  as  contemporaneous  with  the  white  chalk  of  Europe. 

The  lower  division  embraced  the  "  ferruginous  sand  deposits  of  the  Atlantic  States,  extending 
from  Martha's  Vineyard  to  South  Carolina  and  Alabama,  and  into  Mississippi,  Arkansas  and 
Missouri." 

These  strata  were  at  that  time  regarded  as  contemporaneous  with  those  which  lie  between  the 
white  chalk  and  oolite  in  Europe. 

The  foregoing  subdivisions  were  proposed  by  Dr.  Morton  in  some  "  additional  observations" 
appended  to  his  "  8ynopsis  of  the  organic  remains  of  the  cretaceous  group  of  the  United  States," 
and  published  in  the  Journal  of  the  Academy  of  Natural  Sciences  in  1842.  Accompanying  this 
classification  of  the  cretaceous  formation  is  a  list  of  fossils  from  each  of  the  subdivisions, 
including  all  those  which  had  been  described  up  to  that  period. 

Professor  Rogers,  in  his  report  upon  the  geology  of  New  Jersey,  in  1840,  proposed  a  division 
of  the  cretaceous  formation  of  the  State  into  five  members.  These  subdivisions,  however  useful 
they  may  have  been  topographically,  are  not  accompanied  by  the  palteontological  evidence 
necessary  to  enable  us  to  determine  their  value  as  distinctive  groups,  or  to  aid  us  in  a  compari- 
son with  the  sequence  in  other  localities. 

More  recently  the  investigations  made  during  the  geological  survey  of  the  State  of  New 
Jersey  have  thrown  further  light  upon  the  order  of  succession,  and  the  lithological  character  of 
the  members  composing  the  green  sand  formation  of  New  Jersey.  The  section  given  by 
Professor  Cook,  which  has  been  verified  by  borings  in  several  places,  leaves  no  doubt  that  we 
have  now  arrived  at  a  knowledge  of  the  true  relations  of  the  different  members  of  this  period  as 
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developed  in  New  Jersey  ;  and  it  in  the  more  interesting  since  it  enables  ns  to  show  the  true 
position  of  certain  well  marked  and  widely  distributed  cretaceous  fossils,  in  relation  to  others 
which  approximate  in  character  to  Tertiary  types. 

The  following  section  gives  the  expression  of  all  that  is  at  present  known  regarding  the  order 
of  succession  among  the  members  of  the  Bystcm  as  they  occur  in  eastern  New  Jersey.* 


Divisions,  lithologica] 


Gonaral  remarks,  sub-divisions,  etc. 


Groan  stud,  3d  or  upper    This  bed  admits  of  a  triple  division,  lbs  cen- 
bed.  tral  portion  is  near)/  destitute  of  fossils, 

while  those  of  the  upper  and  lower  diris- 
iona  are  mostly  dissimilar. 
This  bed  is  (so  far  as  known)  quite  destitute 
blinjf  beach  Band.  of  fossils. 

Grocn  nand,  2d  bed   (s)  Yellow  limestone  of  Timber  creek  


Quartsose  sand,  highly 
ferruginous  through- 
out, and  argillaceous 
in  its  upper  part. 

Green  sand,  1st  or  lower 


r»Ai 


(0 


(a)  Characterised  by  £*etoe  Ogilatm,  -Wen- 


Dark  colored  clay, 
laining  green  sand  io 
Irregular 


This  rock  is  sometimes  indurated  or  cemented 
by  oxide  of  iron. 


Several  subdivisions  may  be  recognixed,  de- 
pending on  the  character  of  the  marl,  etc. 


liter  cnuifir, . 
tiu,  Morton. 

(»)■ 

are  Gryphaa  remrr,  G.  i 
treruls  Htriani. 

<«)' 

fossil  of  the  lower  division. 

Exogyra  essfsis,  Ottrr*  tare,  BtllemnUelU 
mueretuia,  Prtlen  (Jftitkta)  qvinqutcaitetut  ? 
and  many  other  fossils,  mostly  in  the  con- 
dition of  casts  of  tlie  interior,  or  impres- 
sions of  the  exterior. 

Exogyra  resists,  Orttrt*  Isrvs,  Btltemti 
mntratuUa,  Tmiratul*  Sayi,  (Grypnirs  i 
rrxs  and  G.  mulabitu)  Otlrt*  tttuularii. 


*di,*Wif« 


Dark  colored  clay.. . 


I'oiUian  r.f  Ml  Am.  9  snd  3  •/  (**  Acsroiis 


Fire  clay  and 
clay. 


At  the  present  time  the  evidence  tends  to 
show  that  No.  1  of  tbe  Nebraska  section 
is  represented  here  by  Nos.  1  and  2,  and 
that  Nos.  3  and  3  of  the  Nebraska  section 
are  wanting  ,and  would  find  a  place bet< 
I^Cqq*  3  ftU'd  9  of    m  sv*?o t i on |  ii*cxifllin^. 


This  bed  contain*  largo  quantities  of  fossil 
wood,  (no  animal  remains  are  known  to 
occur  in  it.) 


This  bed  contains  fossil  wood  and  numerous 
impressions  of  leaves,  but  no  animal  re- 


in Alabama,  according  to  the  report  of  Professor  Tuomey,  the  cretaceous  strata  admit  of  a 

and  give. 


to  me  by  Professor  George  H.  Cook,  of  tbe  New  Jersey  Geological 
tion  beyond  that  already  published  in 
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three-fold  division,  in  which  the  upper  member  consists  of  the  "  rotten  limestone,"  the  central 
an  arenaceous  group,  and  a  lower  dark  colored  clay. 

Without  at  present  having  the  means  of  exact  comparison,  it  may  be  inferred  that  there  is  a 
close  agreement  between  the  different  members  of  the  series  in  Alabama  and  New  Jersey.  Tue 
specific  identity  of  many  of  the  characteristic  fossils  leaves  no  doubt  as  to  the  close  similarity  of 
the  formation  there  developed,  with  the  beds  in  New  Jersey,  from  which  a  large  part  of  the 
fossils  described  by  Dr.  Morton  were  obtained.  The  calcareous  part  of  the  formation  in 
Alabama  acquires  a  far  greater  development  than  in  New  Jersey,  and  appears  to  be  there  the 
principal  repository  of  the  fossils  of  this  period. 

It  is  now  more  than  fifty  years  since  Messrs.  Lewis  and  Clark,  in  their  expedition  to  the 
Columbia  river,  brought  from  the  Great  Bend  of  the  Missouri  river  some  fossils,  which  were 
afterwards  identified  by  Dr.  Morton  as  belonging  to  the  cretaceous  formation,  and  from  beds  of 
the  same  age  as  the  marl  or  ferruginous  sand  of  New  Jersey,  Delaware,  and  Alabama.  Subse- 
quently Mr.  Nuttall  brought  some  species  from  the  same  locality.  Dr.  Morton,  in  his  Synopsis, 
(1834,)  acknowledges  the  receipt  of  Gryphcea  Pilcheri  and  other  cretaceous  fossils  of  great  interest, 
from  the  plains  of  Kiamesha,  in  Arkansas,  from  Dr.  Z.  Pitcher,  of  the  United  8tates  army.  Dr. 
Morton  also  mentions  other  fossils  from  the  falls  of  Verdigris  river,  in  the  same  Territory. 

It  is  nearly  twenty  years  since  Mr.  Nicollet  first  visited  and  explored  the  country  about  the 
sources  of  the  Mississippi  and  some  parts  of  the  Missouri  river,  as  far  up  as  Fort  Pierre.  The 
collections  made  by  this  gentleman  enabled  Dr.  Morton  to  designate  about  sixteen  species  of 
cretaceous  fossils,  half  of  which  were  regarded  as  common  to  that  region,  New  Jersey,  and 
Alabama.  Mr.  Nicollet,  in  his  report,  has  given  the  following  section  of  the  beds  of  the 
cretaceous  formation  upon  the  Upper  Missouri : 

D.— A  plastic  clay  deposit,  about  200  feet  thick,  divided  into  two  equal  parts  by  a  stratum  of 
carbonate  of  lime  in  nodules. 

C. — A  ferruginous  clay,  of  a  yellowish  color,  containing  masses  resembling  septaria  and 
seams  of  selenite. 

B.— A  calcareous  marl,  generally  from  30  to  40  feet  thick. 

A.—"  Argillaceous  limestone,  containing  Inoctromue  Barabini  (?)  in  great  numbers,  and  very 
much  compressed,  and  so  arranged  as  to  give  the  rock  a  slaty  appearance."1"— (At  Dixon's  Bluff.) 

The  importance  of  these  divisions  does  not  appear  to  have  been  fully  appreciated,  or  the  col- 
lection was  not  sufficient  to  establish  the  restriction  of  species  within  the  limits  thus  indicated. 

In  the  meantime,  the  explorations  of  Lieutenant  Fremont,  of  Lieutenant  Abert,  of  Captain 
Stansbury,  and  others,  and  more  extended  examinations  made  under  the  direction  of  Dr.  D.  D. 
Owen,  in  his  Geological  Survey  of  the  Chippewa  Land  District,  have  brought  to  light  other 
cretaceous  species  from  this  region  ;t  while  the  several  Pacific  railroad  surveys  have  shown  the 
occurrence  of  cretaceous  fossils  at  various  points  farther  to  the  south,  and  at  intervals  which 
indicate  a  continuation  of  the  formation  from  the  Missouri  river  to  New  Mexico.  More  recently, 
Dr.  Evans,  who  had  previously  visited  this  region  as  assistant  in  the  geological  survey  of  Dr. 

•  The  species  of  laooaramua  in  Mr.  Nicollet's  collection,  in  a  condition  her*  described,  wu  sutwequcntly  identified  br  me  u 
the  hm  with  U»t  brought  by  Captain  Fiftnoat  from  tko  Stnoky  Hill  ri»er.-(See  report,  p.  310.) 

t  In  hi*  report  Dr.  Owen  does  not  notice  the  tabdirisions  or  Mr.  Nicollet section  ;  end  tho  cretaceous  •  pec  ice  figured  end 
described  appear  at!  to  hae*  been  derived  from  a  single  bed  of  the  formation. 

17  M 
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Owen,  has  collected,  and  with  Dr.  B.  F.  Shumard,  has  described,  several 
from  the  same  region. 

In  1853,  Messrs.  F.  B.  Meek  and  F.  V.  Hayden  made  an  extensive  collection  of  the  fossils  of 
the  cretaceous  formation  upon  the  Missouri  river  in  Nebraska;  and  among  these  somewhat  more 
than  thirty  new  species,  a  number  equal  to  all  the  cretaceous  species  before  known  as  occurring 
in  that  region.  These  species  were  described  by  the  writer,  in  connexion  with  Mr.  Meek,  in 
the  Memoirs  of  the  American  Academy  of  Arts  and  Sciences.*  A  section  of  the  cretaceous  and 
tertiary  strata  of  the  Missouri  river  and  the  Mauvaises  Terres,  compiled  from  the  notes  of  Mr. 
Meek,  made  upon  the  ground  and  verified  by  subsequent  examination  of  the  fossils,  likewise 
accompanied  the  paper  just  noticed,  on  page  405  of  the  same  volume. 

The  order  of  succession  among  the  beds  constituting  the  cretaceous  formation,  and  their  litho- 
logical  character  there  established,  arc  as  follows : 

Secfion  of  the  members  of  the  cretaceous  formation,  as  observed  on  the  Missouri  and  thence  west- 
ward, including  the  tertiary  beds  of  the  Mauvaises  Terres. 

Tertiary  formation   Indurated  clays,  beds  of  sandstone,  conglomerate,  limestone,  Ac,  contain- 

in;  remains  of  Mammalia  and  Chelonia,  with  a  few  specie*  of  fresh  water 


Equivalent  of  No*.  II  I,  "j 
IV,  V.  and  VI  of  the  1 
New  Jersey  section,  j 


C  and  D  of  Ni- 
collet'* section. 


A  and  Bof  Ni- 
collet'*  section. 


I 


V.— Arenaceous  clay,  passing  into  ergillo- 
thick. 

IV. — Plastic  clay,  with  cilcarcoua  concretion*,  containing  numerous  fossils  ; 

250  to  300  feet  thick.    (Thi*  i*  the  principal  foasilifcrous  bed  of  the  cre- 

taccou*  formation  upon  the  upper  Missouri.) 
III. — Calcareous  marl,  containing  Ottrta  cmgetia, 


scale*  of  fishes,  Ac;  100  to  ISO  foot  thick. 
II.— Clay  containing  few  fosaits  ;  80  feel  thick. 

I — Sandstone  and  clay;  90  feet.   The  probable  equivalent  of  No*.  I  and  II 

of  the  New  Jersey  section. 
I  —The  sandstone,  No.  I  of  section,  rests  upon  buff  colored  magnesian  lime- 
stone of  the  upper  carboniferous  period. 

In  this  section  Nos.  II  and  III  correspond  to  A  and  B  of  Mr.  Nicollet's  section,  while  the 
sandstone,  No.  I,  was  either  overlooked  by  him,  or  may  have  been  referred  to  the  carboniferous 
strata. X 

The  divisions  C  and  D  of  Mr.  Nicollet's  sections  are  subdivisions  of  Nos.  IV  and  V  of  our 
section,  or  probably  of  No.  IV  alone,  since  No.  V  is  not  known  to  occur  on  that  part  of  the 

*  "  Dcscr  ption  of  New  Species  of  Fossil* from  the  Cretaceous  Formation,  by  James  Hall  and  F.  B.  Meek.  Memoirs  of  the 
American  Academy  of  Art*  and  Sciences,  vol.  V,  new  series. 

t  In  a  subsequent  exploration  of  this  region  Dr.  Hayden  discovered  fnweramui  frroshinsricus  in  Uii*  bed,  in  precisely  the  same 
condition*  and  in  a  ruck  identical  with  that  in  which  tho  specimens  occur  brought  by  Captain  Fremont  from  the  Smoky  Hill 
river,  and  by  Captain  Stansbury  from  between  the  Big  and  Littlo  Blue  rivera. 

A  careful  comparison  of  inoctramat  fia^ilu,  from  bed  No.  2,  Nebraska  section,  (Hall  and  Meek,  Memoir*  Amer.  Acad.,  vol. 
V,  new  series,  page  3rW.)  ha*  satisfied  both  Mr.  Meek  and  myself  that  it  is  identical  with  /  profrirmafiew,  the  speciroe 
being  the  young  of  that  species.    Tho  young  specimen*  of  the  latter  shell  from  Arkansas  and  Smoky  Hill  river 
essential  difference*  from  those  of  Nebraska. 

I>r.  Hayden  has  likewise  made  extensive  collections  in  other  part*  of  the  Nebraska  cretaceous  and  tertiary  formations  during 
the  past  two  years.  The  new  species  of  these  collections  have  been  described  by  Messrs.  Meek  and  Hayden,  in  several  papers 
published  in  tho  proceedings  of  tho  Academy  of  Natural  Sciences  of  Philadelphia.  Thc*e  explorations,  with  the  extensive  col- 
lections of  fossils,  have  served  to  sustain  tho  correctness  of  the  order  of  succession  among  the  subordinate  member*  of  the  series 
as  given  in  the  section  above  ;  indicating,  however,  that  the  beds  Nos.  II  and  III,  a*  well  as  No*.  IV  and  V,  may  in  some 
localities  merge  into  each  other;  while  the  limits  between  No*.  HI  and  IV*  remain  well  marked  throughout  the  region  explored. 
J  From  the  fact  that  Mr.  Nicollet  remarks,  (page  35,t  that  the  part  of  stratum  A  above  water,  on  the  day  of  hi*  "oxamina- 
ay  infer  that  the  sandstone  No.  1  wa*  not  seen  by  him. 
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Missouri  which  was  examined  by  Mr.  Nicollet.  Although  admitting  of  several  subdivisions 
from  changes  in  lithological  character,  the  beds  of  No.  IV  do  not  present  any  groups  of  fossil 
species  restricted  within  the  physical  or  lithological  limits  designated,  and  they  can  scarcely, 
therefore,  be  regarded  as  of  importance  in  the  classification  of  the  formation,  or  valuable  in 
tracing  the  limits  of  its  members  over  a  wide  extent  of  country. 

The  subdivisions  A  and  B,  corresponding  to  Nos.  II  and  III  of  our  Bection,  are  more  important ; 
and,  although  yielding  so  few  fossils  on  the  Missouri,  they  become  well  marked  in  other  parts 
of  the  country.  The  "  Inooeramvs  Barabini,''  represented  by  Mr.  Nicollet  as  found  in  great 
numbers  at  Dixon's  Bluff,  very  much  compressed  and  so  arranged  as  to  give  the  rock  "  a  slaty 
stiucturc,"  is  undoubtedly  the  Inoceramus probUmatiow,  which  is  known  to  occur  in  this  position, 
and  does  not  occur  in  the  higher  beds  of  the  formation  upon  the  Missouri,  so  far  as  known  at  the 
present  time.  The  Ortrea  congesta,  and  all  the  other  fossils  from  beds  Nos.  II  and  III  of  the 
section,  are  unlike  species  from  New  Jersey  or  Alabama,  and  appear  to  be  restricted  to  these 
beds.  At  the  same  time  the  species  identical  with  or  analogous  to  species  of  New  Jersey  and 
Alabama  occur  in  beds  Nos.  IV  and  V,  which  may  pjrhaps  be  regarded  as  subdivisions  of  one 
group. 

We  are  warranted,  therefore,  in  referring  the  beds  above  No.  Ill  to  the  fossiliferous  beds  of 
New  Jersey  and  Alabama,  while  we  have  yet  no  evidence  that  Nos.  II  and  III  do  occur  in  either 
of  these  States. 

The  beds  Nos.  Ill,  IV,  V,  and  VI  of  the  New  Jersey  section,  given  on  a  preceding  page, 
correspond  in  their  fossils  with  Nos.  IV  and  V  of  the  Nebraska  section ;  leaving  the  third  green 
sand  of  New  Jersey  (No.  VIII  of  that  section)  unrepresented  in  the  northwest,  so  tar  as  known 
at  the  present  time. 

The  New  Jersey  bods,  Nos.  I  and  II,  which  are  marked  only  by  fossil  wood  and  impressions 
of  leaves,  appear  to  be  represented  by  No.  I  of  the  Nebraska  section,  judging  from  the  general 
character  of  the  remains  yet  known  in  the  two.  Should  this  inference  prove  to  be  correct,  the 
beds  Nos.  II  and  III  of  the  Nebraska  section  will  hold  a  position  between  Nos.  II  and  III  of 
the  New  Jersey  section  ;  but  I  do  not  regard  this  question  as  yet  determined. 

The  relations  of  the  beds  Nos.  II  and  III  of  the  Nebraska  section,  and  their  characteristic 
fossils,  become  very  important  when  we  undertake  the  comparison  of  the  cretaceous  formation 
of  Texas  and  New  Mexico  with  that  of  Nebraska,  Alabama,  and  New  Jersey. 

The  wide  extent  and  persistence  of  Inoceramus  problematicus,  and  its  restriction  to  beds  Nos. 
2  and  3,  and  their  equivalents,  so  far  as  at  present  known,  render  it  of  great  value  in  deter- 
mining a  geological  horizon.  This  species  was  first  brought  from  the  Missouri  river  by  Mr. 
Nicollet.*  It  was  collected  by  Captain,  now  Colonel,  Fremont  f  upon  the  Smoky  Hill  Fork, 
where  it  occurs  in  a  gray  or  buff  color,  and  also  in  a  blue,  slaty  limestone  in  great  numbers, 
and  being  exttemely  flattened,  gives  to  the  rock  a  slaty  structure,  as  described  by  Mr.  Nicollet. 

°  Report  cm  the  Upper  Mississippi  RJrer,  by  J.  N.  Nicollet.  1853. 

■f  Report  of  the  Exploring  Expedition  to  the  Rocky  Mountains,  by  Captain  J.  C.  Fremont,  18S4.  Appendix,  geological 
formations  and  organic  remains,  by  Jaioc*  Hull.  At  the  time  of  my  examination  of  Captain  Fremont*  collection*.  I  hod 
an  opportunity  of  comparing  the  specimen*  of  /mammas  with  those  brought  from  the  Missouri  ly  Mr.  Nicollet,  and  Wen- 
tified  the  specimens  in  tho  two  collections  as  the  same  species.  The  collections  of  Mr.  Nicollet  were,  at  that  time,  broken 
up,  and  1  saw  some  of  them  in  Professor  Ducatel's  possession,  in  Italtimore,  and  others  in  (ieor^ctown.  The  information 
given  me  was,  that  they  were  from  near  the  Great  Bend  of  the  Missouri  ;  hut  by  the  exiunlnulion  of  Mr.  Nicollet's  report, 
it  is  very  clear,  from  his  statements,  page  35,  that  this  Inuetramtu  occurs  at  Dixon's  Bluff,  and  not  at  Great  Bend,  since 
Mr.  Nicollet  refers  to  the  former  locality  as  exhibiting  the  base  of  the  formation. 
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The  specimens  collected  by  Lieutenant  Abert,*  at  Poblazon,  are  doubtless  of  this  species,  and 
are  referred  by  Professor  Bailey  to  the  same  species  as  those  of  Fremont's  report.  The  same 
species  was  brought  by  Captain  Stansbury  t  from  between  the  Big  and  Little  Bine  rivers,  in 
precisely  the  same  conditions,  and  in  a  similar  rock.  In  1854  I  received  specimens  of  the  same 
fossil,  collected  at  several  points  on  the  Arkansas,  by  Colonel  Fremont,  during  bis  later  expe- 
dition. These  occur  in  part  in  a  bluish,  or  dull  lead-colored,  argillaceous  limestone,  and  others 
in  a  gray  or  buff-colored  limestone. 

Dr.  Schiell  collected  this  species  of  Inoceramus  at  the  bend  of  the  Arkansas  river ;  and  it  fa 
mentioned  by  Dr.  Roemer  as  occurring  near  New  Braunfels,  in  Texas.  Dr.  F.  V.  Hayden  has, 
more  recently,  brought  the  same  from  the  bed  No.  3,  Nebraska. 

In  Arkansas,  this  fossil  is  collected  from  the  same  localities,  and  apparently  in  the  same 
position  from  which  are  obtained  numerous  species  of  Eckinodems,  Gryph&n  Piicheri,  and  other 
fossils  of  species  yet  unknown  in  Nebraska,  or  in  any  localities  east  of  the  Mississippi  riveT. 

Fragments  of  the  same  species  of  Inoceramus  occur  in  an  argillaceous  limestone,  among  the 
collections  of  the  Boundary  Survey,  from  the  basin  of  the  Rio  Grande.  In  the  same  connexion 
occur  several  Echinoderms  of  species  identical  with  those  from  Arkansas — Gryphaa  Pitcheri, 
Ammonites  Tvxanus,  etc. 

The  collections  of  the  Pacific  Railroad  Surveys,  which  have  been  placed  in  my  hands  for 
examination,  show  that  Ontrta  congesta  was  collected  by  Mr.  Marcou,  from  a  point  three  miles 
north  of  Galisteo,  between  Fort  Smith  and  Santa  Fe.J  This  fossil,  in  Nebraska,  is  associated 
with  Inoceramus  proUematicus.  In  the  same  collection,  and  from  the  same  locality,  near 
Galisteo,  there  were  specimens  of  a  slaty  limestone  containing  fragments  of  Inoceramw,  which, 
although  not  identified  at  the  time,  is  probably  the  Inoctramus  proUematicus.  Thus  we  have 
abundant  evidence  of  the  distribution  of  this  species  from  Nebraska  to  New  Mexico. 

The  section  already  established  for  the  cretaceous  strata  upon  the  Missouri,  as  given  above, 
and  the  occurrence  of  Inoceramiu  proUtmatiau  in  the  beds  Nos.  2  and  3  of  that  section,  serve  to 
fix  the  place  of  that  fossil  in  the  series  in  reference  to  the  other  beds  constituting  the  cretaceous 
formation  in  Nebraska.  From  the  analogy  of  the  beds  Nos.  4  and  5,  and  the  identity  of  several 
important  species  of  fossils  with  those  of  New  Jersey,  Alabama,  and  Tonnesseo,  we  may  regard 
the  position  of  this  fossil  as  determined  in  reference  to  the  members  of  the  series  which  occur  in 
these  States,  this  species  having  never  been  found,  so  far  as  we  are  aware,  in  either  New  Jersey, 
Alabama,  or  Tennessee.  Thus  this  fossil  becomes  one  of  the  best  guides  for  the  identification 
of  certain  strata  in  the  cretaceous  system  of  the  United  States. 

In  a  paper  recently  published  in  the  proceedings  of  the  Academy  of  Natural  Sciences,  by 
Messrs.  Meek  and  Hayden,  speaking  of  the  geographical  distribution  of  the  cretaceous  fossils, 
they  refer  to  the  well  known  species  Ammonites  placenta,  Scaphties  Conradi,  Bactdites  ovatus, 
and  Nautilus  Dekayi,  as  being  common  to  the  central  or  upper  portions  of  New  Jersey  cretaceous 
strata,  to  the  rotten  limestone  of  Alabama,  and  to  beds  Nos.  4  and  5  of  Nebraska.  Alluding 
to  the  position  of  the  cretaceous  beds  of  the  southwest,  they  remark  : 

"  At  the  same  time  the  total  absence  of  the  above  named  fossils,  and,  indeed,  so  far  as  we  yet 

•  Report  on  a  Geographical  Examination  of  New  Mexico,  by  Lieutenant  J.  W.  Abert.  If  48.  Sotea  concerning  the  min- 
eral* and  fossils,  by  Professor  J.  W  Bailey,  page  547.    Sec  note  [pp.  117,  118)  of  the  present  report. 

t  Exploration  of  the  Valley  of  the  Great  Salt  Lake,  by  Captain  Howard  Sttiiabiiry,  1S52.  Appendix,  geology  and  pnhcon- 
tolojry,  by  James  Hall  ;  page  402. 

♦  See  Pacific  IUllrood  KeporU  ;  survey  of  the  thirty-second  parallel ;  Chapter  IX,  page  102. 
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know,  of  all  the  other  species  of  the  lowest  and  upper  two  Nebraska  Cretaceous  formations  in  the 
rocks  from  which  Roemer  and  others  collected  so  many  species  in  Texas,  and  other  south- 
western localities,  renders  it  highly  probable  that  if  the  latter  occur  at  all  in  Nebraska,  they 
must  be  represented  by  the  beds  Nos.  2  and  3  of  our  section.  This  conclusiou  is  further 
strengthened  by  the  fact  that  the  only  Nebraska  species  yet  found  in  the  southwest,  so  far  as 
we  know,  are  Inoceramus  problematic™  and  Ostrea  eongtt'a,  both  of  which  are  unknown  in  the 
northwest,  excepting  in  the  above  named  beds,  and  are  mainly  restricted  to  the  latter.  The 
well  marked  specific  characters  of  these  two  fossils  and  their  limited  vertical  range,  together 
with  their  extensive  geographical  distribution,  render  the  bed  in  which  they  occur  a  horizon  as 
the  highest  importance  in  the  identification  of  strata  at  remotely  soparated  localities  in  these 
far  western  Territories. 

"  That  these  beds,  or  formations  of  the  same  age,  are  widely  distributed  over  a  vast  area  of 
country,  extending  from  near  the  great  bend  of  the  Missouri,  in  latitude  44°  15',  longitude 
99°  2C,  westward  to,  and  perhaps  beyond,  the  eastern  slope  of  the  Rocky  Mountains,  and  far 
south  into  Texas  and  New  Mexico,  is  highly  probable,  from  the  occurrence  of  their  character- 
istic fossils  at  many  widely  separated  localities  in  this  region.  At  any  rate  we  know,  from 
information  obtained  through  Mr.  Henry  Pratten,  of  the  geological  survey  of  Illinois,  that 
Inoceramus  problematicue  is  found  in  a  light-colored  limestone  overlying  a  red  sandstone  on 
Little  Blue  river,  a  tributary  of  Kansas  river.  Colonel  Fremont  also  collected  specimens  of  the 
same  shell  from  a  similar  rock  on  Smoky  Hill  river,  in  latitude  39°,  longitude  98°,  and  at  other 
localities  between  there  and  the  rocky  mountains.*  More  recently  Lieut.  Abert  found  the 
name,  or  a  closely  allied  species,  at  a  point  as  far  eon th west  as  latitude  35°  3'  N.,  longitude 
107°  y  W.,  and  apparently  on  the  western  declivity  of  the  anticlinal  axis  of  the  Rocky 
Mountains.t  Roemer  likewise  collected  in  Texas  specimens  of  a  shell  he  refers  to  Inoceramus 
mytibides  of  Mantell,  which  is  considered  identical  with  J.  proUemaiicm  of  Schlotheim.  In 
addition  to  this  we  have  seen,  in  Mr.  Marcou's  collection,  specimens  of  (ktrea  congesta,  from 
Oalisteo,  between  Fort  Smith  and  Santa  Fe,  where  it  probably  holds  the  same  geological 
position  as  the  so-called  Gryphcea  dilatata. 

"  The  formations  from  which  the  above  named  fossils  were  obtained  in  the  southwestern  Ter- 
ritories, appear,  from  the  statements  of  the  various  explorers  of  that  region,  to  repose  on  a 
series  of  red,  yellow,  and  whitish  sandstones,  and  various  colored  clays,  which  are  referred  by 
Mr.  Maroon  to  the  Jurassic  and  Triassic  systems.  These  lower  bode,  we  think,  are  represented 
wholly  or  in  part  in  Nebraska,  by  our  formation  No.  1,  which,  as  previously  stated,  we  regard 
as  probably  belonging  to  the  lower  part  of  the  Cretaoeons  system,  though  it  may  be  older." 

Finally,  in  reference  to  the  relative  position  in  the  series  of  a  large  part  of  the  cretaceous 
fossils  of  the  Boundary  8urvey,  I  have  already,  in  a  previous  communication,  stated  that  I 
regard  them  as  occurring  in  the  same  geological  horiaon  with  the  beds  of  Smoky  Hill  river, 
Poblazon,  ice.  I  am  now  prepared  to  fix  their  position  in  the  same  parallel  with  beds  Nos.  2 
and  3  of  the  Nebraska  section,  and  below  those  beds  in  New  Jersey  and  Alabama,  which  contain 
Baculites  ovatut,  Nautilus  De  Kayi,  and  Ammonite*  placenta. 

The  reasons  for  this  conclusion  are  obvious  from  what  has  preceded.  The  most  conspicuous 
known  fossils  of  beds  2  and  3  in  Nebraska,  are  found  in  Arkansas  and  elsewhere,  associated 

•  See  Prof.  Hall't  figure*  uid  remark*  Id  Fremont',  report,  p.  174,  pi.  4. 
f  Ueot  Abert'i  report  x>f  ejploretk>o»  In  New  Mexico  mm!  CUifornU,  p.  547. 
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with  many  of  the  species  of  the  Boundary  Surrey  collections,  and  from  the  persistence  of  Inoce- 
ramus  problematic™,  and  the  almost  uniform  character  of  the  rock  in  which  it  occurs,  from 
Nebraska  to  New  Mexico,  we  can  have  no  doubt  that  the  beds  containing  this  fossil  everywhere 
occupy  the  same  horizon. 

The  collections  from  the  southwest  have  never  furnished  specimens  of  the  cephalopoda 
enumerated  above,  which  characterize  the  upper  cretaceous  strata,  and  the  few  fossils  which  are 
common  to  Texas  and  New  Mexico  and  New  Jersey,  render  it  probable  that  the  higher  beds  of  the 
formation  have  thinned  out  in  that  direction  to  a  degree  which  renders  them  subordinate  in 
importance  to  the  lower  beds  of  the  system.  The  few  specimens  identical  with  species  known 
in  New  Jersey,  Alabama,  and  Tennessee,  appear,  from  their  color  and  the  character  of  the 
associated  rock,  to  have  been  obtained  in  a  different  bed  from  that  of  the  greater  number  of 
specimens  in  the  collection,  which  are  associated  with  a  more  calcareous  rock.  At  the  same 
time,  the  absence  of  sections  of  strata  leaves  us  without  positive  information  in  this  respect.* 

In  the  present  state  of  our  knowledge,  it  would  appear  that  the  beds  2  and  3  of  the  cretaceous 
formation  of  Nebraska  have  gradually  increased  in  thickness  and  importance  in  a  southwesterly 
direction,  and,  at  the  same  time,  have  become  more  fossiliferous.  In  tracing  the  same  beds 
through  Arkansas,  we  find,  in  addition  to  the  Inoceramus  probUmaticus,  and  associated  with 
that  fossil,  Holectypus  jianotus,  loxaMer  elegant ,  Uolastcr  simplex,  Cardxum muUislriaium,  Iuoc*>- 
ramus  conferiim-annulatw,  Gryphcea  Pitcheri,  and  others,  which  occur  also  among  the  Boundary 
collections.  These  facts  clearly  show  that  the  beds  have  become  much  more  fossiliferous  than 
on  the  Missouri,  or  on  the  Kansas  and  Bine  rivers,  and  we  must  regard  the  greater  part  of  the 
Boundary  collections  as  derived  from  the  horizon  of  these  beds. 

From  the  great  vertical  range  of  the  characteristic  cephalopods,  above  enumerated,  in  New 
Jersey,  and  their  wide  geographical  distribution,  and  from  the  marked  distinction  in  the  types 
of  fossils  holding  the  lower  position,  we  shall  probably  find  it  convenient  to  subdivide  the 
cretaceous  formation  into  three  great  groups : 

3.  The  upper  division,  comprising  the  first  and  second  marl  beds  of  New  Jersey,  with  the 
intermediate  ferruginous  sand,  and  the  clay  below  the  first  greensand  bed,  (Nos.  Ill  to  VI  of 
the  section,)  parallel  to  the  beds  4  and  5  of  Nebraska. 

2.  The  middle  division,  equivalent  to  the  beds  2  and  3  of  Nebraska,  and  the  calcareous  beds 
of  the  southwest,  Arkansas,  Texas,  and  New  Mexico,  containing  the  .numerous  Echinoderms, 
Inocetamus  probUmaticus,  Grypluta  Fitcheri,  Uippurit&s,  Caprina,  Nerittea,  Ammonites  Texan  us, 
and  numerous  other  fossils. 

1.  The  lower  division,  represented  by  No.  1  of  Nebraska,  and  probably  equivalent  to  the 
lower  clay  beds  of  New  Jersey,  in  which  the  only  fossils  yet  known  are  of  vegetable  origin. 

It  is  not  unlikely  that  the  medial  division  may  prove,  in  many  localities,  to  be  divisible  into 
distinct  beds  beyond  those  recognized  in  Nebraska  ;  or,  that  as  the  formation  expands  to  the 
southward,  other  beds  not  known  on  the  Missouri  will  come  in,  or  that  the  two  there  known 
will  be  found  to  become,  much  modified  in  character. 

0  A  Dingle  observation  in  (be  note*  accompanying  the  specimens  lead*  mc  to  Infer  that  Exogyra  oxiatm,  and  one  or  two 
apecka  beside*,  were  collected  from  a  higher  position  In  the  cliff  than  the  other  foarikv.  Since,  howurcr,  it  u  probable  that 
many  specks,  not  known  in  the  name  association  in  New  Jerecy  and  Alabama,  may  occur  in  connexion  with  Kiooyn  n*ttu 
in  the  aouthweat,  we  cannot  at  this  time  separate  the  specie*  belonging  to  the  upjwr  and  lower  divisions  of  the  formation. 

1  karu,  »Im>,  from  Dr.  Parry,  since  the«e  page*  were  written,  that  he  regard*  the  bed  containing  Anyyra  eotlata  and  tome 
other  specie*,  a«  holding  a  higher  pojition  than  the  calcareous  bed*  of  Leon  Spring*,  and  other  louvliUem  along  the  route. 
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From  the  facts  before  us  it  appears  that  Nos.  4  and  5  of  the  upper  division,  which  are  so 
largely  developed  on  the  upper  Missouri,  become  gradually  attenuated  towards  the  southwest, 
and  lose  in  a  great  measure  their  distinctive  fossils. 

Although  the  specimens  in  the  boundary  collections  do  not  clearly  indicate  the  occurrence  in 
that  region  of  the  sandstone  No.  1  of  the  Nebraska  section,  it  \a  nevertheless  quite  certain, 
from  other  collections  in  my  possession,  that  the  same  rock  occurs  on  the  Arkansas  river, 
possessing  the  same  characters  as  in  Nebraska. 

Dr.  Shumard,  in  his  examinations  in  Arkansas,  speaks  of  a  sandstone  which  clearly  holds 
ihe  place  of  No.  1  of  our  section.  On  page  181  of  report,  before  cited,  he  says :  "  Passing  this 
range,  the  sandstone  again  reappears,  and  constitutes  the  prevailing  rock  to  within  a  short 
distance  of  Fort  Washita,  where  it  disappears,  uud  is  succeeded  by  strata  of  the  cretaceous 
period."  Although  not  recognized  by  Dr.  Shumard  as  a  member  of  the  cretaceous  formation, 
still  it  holds,  in  regard  to  the  beds  in  ArkatmaH,  equivalent  to  Nos.  2  and  3  of  Nebraska,  the 
same  relative  position  as  the  sandstone  No.  1  on  the  Missouri  river.* 

The  observations  made  in  the  course  of  the  boundary  survey,  and  in  all  the  other  surveys  in 
the  southwest,  show  the  occurrence  of  various  colored  sandstones  and  clay*  below  the  fossil  i- 
ferons  beds  identified,  as  above,  with  Nos.  2  and  3  of  the  Nebraska  section.  Indeed,  we  have 
evidence,  from  numerous  observations,  of  the  occurrence  of  a  similar  sandstone  at  so  many 
points  from  Missouri  to  New  Mexico  as  to  render  it  certain  that  the  formation  is  continuous  over 
this  wide  extent  of  country. 

The  observations  of  Mr.  Maroon,  on  the  line  traversed  by  one  of  the  Pacific  railroad  surveys, 
induced  him  to  regard  these  sandstone  as  of  older  date  than  the  cretaceous  formation.  In  a 
section  of  Pyramid  Mountain  given  by  Mr.  Marcou,  (BuUeten  Soc.  Oeci.  de  France,  tome  12, 
p.  878,)  he  recognizes  a  series  of  sandstones  and  clays  beneath  limestones  which  are  of  unques- 
tionable cretaceous  age. 


"  a.  Bed  of  variegated  marls  in  contact  with  the  Jurassic  formation." 

Alternation*  of  oala»reo-nr«1ll»oc<m»  mails  of  variegated  colors--rcd,  green,  and  white." 
"c.  Bed  of  (rtyphaa  tiiUitaln  and  of  (hirm  Martha,"  f 


•  I  liclicvc  that  Dr.  B.  F.  Shumard  regard*  this  sandstone,  in  part,  or  altogcUier,  an  of  carboniferous  ago  ;  bnt  it  is 
difficult  U>  understand  these  relative  positions,  since  in  numerous  localities,  from  the  Missouri  river  to  Texas,  the  upper 
carboniferous  limestone  is  the  highest  determined  carboniferoua  rock,  and  underlie*  the  sandstone  No.  1  of  the  Nebraska 
section. 

t  These  explanation*  of  the  section  quoted  above  are  those  given  by  Mr.  Marcou.  The  designations  at  the  right  hand 
are  those  given  by  hira  in  the  text  accompanying  the  section. 
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Having  examined  the  specimens  in  Mr.  Marcou's  collection  from  this  locality,  I  bare  no 
hesitation  in  saying  that  the  specimens  labelled  by  him  as  Gryphaa  Tucumcaru  (G.  dUatata, 
var.  Tucumcarii,  Bui,  Soc.  Gecl.  de  France,  tome  12,  pi.  21)  are  the  Gryphon  PUckeri  of  Mor- 
ton, and  present  no  features,  either  in  form,  characters,  condition  of  preservation,  or  otherwise, 
which  can  serve  to  distinguish  them  from  Grt,phaa  Pi  cheri,  in  the  boundary  survey  collections, 
from  strata  forming  a  continuation  of  the  Llano  Estacado.* 

In  the  section  of  Pyramid  Mountain  given  by  Mr.  Marcou,  the  exhibition  of  the  sandstones 
and  clays  beneath  the  limestone,  with  Qryphxea  Pitckeri,  is  extremely  interesting,  as  giving  the 
succession  of  beds,  with  lithological  character,  more  in  detail  than  has  elsewhere  been  published 
from  that  region. 

For  the  purpose  of  comparison,  I  subjoin  some  detailed  sections  made  by  Mr.  Meek,  in  1S53, 
upon  the  upper  Missouri,  and  which  are  collectively  merged  in  the  sandstone  No.  1  of  our 

section  of  the  cretaceous  formations,  as  already  given. 

Section  at  the  mouth  of  Big  Sioux  river. 

Partially  indurated,  silicious  clay,  or  marl,  of  a  slightly  yellow  color,  and  showing  scarcely 
any  lines  of  stratification.    Slope  of  60  feet  of  modern  or  bluff  formation. 

Part  of  No.  1,  section  of  Nebraska  cretaceous  formation. 

1.  Soft,  yellow  sandstone,  with  vertical  veins  and  joints  filled  with  silicious  oxide  of  iron  ; 
also,  hard,  horizontal  seams,  containing  much  iron,  with  casts  of  Pectuneuius  Siouxensis :  10 

feet. 

2.  Large,  concretionary  masses,  8  to  10  feet  long,  and  6  feet  thick,  consisting  of  hard,  fine- 
grained sandstone,  with  perhaps  some  calcareous  matter,  laminated  on  the  weathered  surfaces  : 

6  feet. 

3.  Soft  sandstone,  like  that  above,  with  horizontally  arranged  concretions  of  siliceous  oxide 
of  iron,  which  are  often  hollow. 

The  three  lower  divisions  of  sandstone  constitute  the  upper  part  of  No.  1  of  the  Nebraska 
section.  They  were  not  seen  in  actual  contact  with  beds  of  No.  2 ;  but,  from  their  position  and 
dip  relative  to  the  other  beds,  there  can  be  no  doubt  of  the  relations  of  the  two.  Subsequently, 
Dr.  Hayden  has  seen  the  beds  of  Nos.  1  and  2  in  actual  contact  on  the  Big  Sioux  river. 

At  a  point  twenty-five  miles  below  Sergeant's  Bluff  there  is  an  exposure  of  about  100  feet, 
consisting  of  beds  of  sandstone  and  clay,  which  present  great  irregularity  in  bedding,  some  of 
the  strata  rapidly  expanding  in  one  direction,  while  others  thin  out  in  the  opposite  direction. 

Section  on  the  right-hand  side  of  the  Missouri  river,  twenty  fee  miles  below  Sergeant's  Bluff. — 
Successive  beds,  or  strata,  forming  part  of  No.  1,  Nebraska  section  of  cretaceous  formation. 

1.  A  bed  of  dark-gray  clay,  alternating  above  and  below  with  soft  sandstone  seams.  The 
middle  mostly  clay  ;  6  feet. 

2.  Light,  yellow  clay,  passing  downwards  into  a  very  soft,  gray  sandstone  ;  5  feet. 

3.  Very  dark  clay,  with  fragments  of  carbonized  wood  ;  1|  feet. 

*  The  specimen*  from  Pyramid  Mountain  are  figured  in  tbc  Report  of  tb«  surrey  of  the  35th  parallel,  ana*  thote  of  the 
boundary  survey  will  ba  found  in  the  present  volume. 
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4.  Gray,  indurated  day,  or  marl,  with  pieces  of  carbonized  wood  ;  4  feet. 
6.  Dark  seam,  like  No.  3 ;  8  inches. 

6.  Clay,  like  No.  4  ;  3  feet. 

7.  Gray  sandstone,  with  fragments  of  carbonized  wood  ;  2  feet. 

8.  Very  dark  gray  clay,  sometimes  black,  and  containing  much  organic  matter  in  the  lower 
part,  crystals  of  selenite,  etc. ;  10  feet. 

9.  Gray  clay,  with  many  fragments  of  carbonized  wood ;  harder  concretions  of  the  same  clay, 
containing  carbonized  wood  ;  30  feet. 

10.  Gray  sandstone,  with  pieces  of  carbonized  wood  ;  2  feet. 

11.  Gray  clay,  with  thin,  wedge-shaped  masses  of  hard  bituminous  coal,  or  lignite,  and 
round  lumps  of  sulphuret  of  iron. 

Slope  to  river-level  30  or  40  feet,  in  which  no  beds,  in  place,  were  seen. 

Many  of  the  beds  noted  in  the  above  section  are  seen  to  thin  out  entirely,  or  wholly  to  change 
their  character  in  the  same  bluff  within  a  distance  of  not  more  than  fifty  yards  ;  while  others, 
so  thin  and  obscure  as  to  attract  no  attention,  are  seen  to  increase  to  a  much  greater  thickness 
in  a  very  short  space ;  while  about  two  hundred  yards  below  where  the  above  section  was  made, 
the  same  line  of  bluff  passes  wholly  into  a  soft,  heavy-bedded  sandstone,  which  breaks  into 
large,  columnar  masses  from  the  top  to  the  base  of  the  cliff. 

The  following  sketch  gives  an  example  of  the  irregularity  of  the  stratification  in  these  bluffs 
of  sandstone  and  clay : 


a.  Soft,  heavy-bcddcd,  yellow  sandstone,  with  pieces  of  carbonised  wood. 

b.  Dark,  almost  black,  slaty  clay,  with  much  carbonised  matter. 

c.  Gray  sandstone,  with  specks  of  carbonised  wood. 

d.  Bard,  reddish  sandstone. 

«.  Indurated  gray  clay,  weathering  to  a  light  reddish  hoe. 
f.  Sandstone  like  the  upper-  bod. 

These  are  exhibitions  of  isolated  exposures  of  the  sandstone,  clay,  etc.,  constituting  No.  1  of 
the  Nebraska  section,  and  which,  from  its  relative  position  to  certain  fossiliferous  beds,  under- 
lies the  calcareous  strata  containing  Oryphaa  Pitcheri,  and  its  associated  fossils.  This  sand- 
stone (No.  1)  will  include,  at  least,  all  that  portion  of  the  Pyramid  mountain  on  the  left  hand 
side,  marked  in  the  diagram  1,  while  the  blue  clay,  sandy  limestone,  and  white,  silicious  lime- 
Btone,  represent,  as  we  believe,  the  beds  Nos.  2  and  3  of  Nebraska ;  and  this  inference  is 
deduced  from  the  facts  already  stated,  that  these  calcareous  beds  of  the  Llano  do  elsewhere  con- 
tain the  association  of  fossils  characteristic  of  the  horizon  of  Nos.  2  and  3,  which  we  clearly 
18  M 
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trace  from  Nebraska  to  New  Mexico,  and  which  are  likewiso,  over  a  large  part,  or  the  whole 
distance,  underlaid  by  sandstones,  etc. 

With  regard  to  the  two  hundred  feet  of  sandstones  and  clays  below  a  of  the  Pyramid  moun- 
tain, these  may  be  a  distinct  formation,  or  they  maybe  a  part  of  the  same  formation  as  the  beds 
above.  Of  all  the  collections  yet  examined  from  the  southwest,  not  a  single  fossil  rfcm  beds 
below  those  containing  Gryphcea  Pitcheri,  and  its  associated  fossils,  has  come  under  my  notice. 
We  are,  therefore,  without  the  means  of  identification  at  the  present  time. 

The  sandstones  of  the  northwest  have  a  great  development,  and  it  is  not  probable  that  we  yet 
know  their  full  thickness  or  their  relations  throughout.  The  collections  made  by  Dr.  Hayden, 
at  the  mouth  of  the  Judith  river,*  contain  a  single  genus,  Hettangia,  which,  in  Europe,  is  con- 
sidered as  restricted  to  the  Liassic  epoch.  This,  however,  is  associated  with  cretaceous  types, 
and  though  there  is  some  evidence  in  favor  of  a  reference  to  the  Jurassic  period,  we  have  not 
satisfactory  proof. 

The  results  at  which  we  have  arrived  in  regard  to  the  identity  of  the  western  and  south- 
western cretaceous  formations,  may  be  more  clearly  appreciated  by  a  comparison  of  sections  of 
the  upper  Missouri  and  of  the  same  formations  on  the  line  of  the  Boundary  Survey. 

Section  of  the  Llano  Eetacado  and  the  prolongation  of  the  tame  beds  to  the  southwest. 

4.  Tertiary  sandstone,  conglomerates,  etc.,  with  clays  and  impure  limestones.  * 

3.  Dark  colored,  argillaceous  limestone,  frequently  composed  largely  of  broken  shells,  and 
containing  Exogyra  costata. 

2.  Yellow,  or  buff  colored  limestone,  arenaceous  limestone,  clays,  etc.,  with  Inoceramua 
ptoblematicus,  Gryphcea  Pitcheri,  Ammonites  Texanus,  Toxaster  Texanum,  Pyrina  Parryi,  etc. 

1.  Sandstones  and  clays  of  a  white,  gray,  or  red  color,  containing  few  or  no  fossils. 

Section  of  the  beds  seen  on  the  Missouri  river  from  Dixon's  Bluff  to  Fort  Pierre,  and  thence  to 

Mauvaises  Terres. 

4.  Tertiary  sandstones,  conglomerates,  argillaceous  limestone,  clay,  etc. 

3.  Light  colored  calcareous  clay,  and  dark  colored  astringent  clay,  with  nodules  of  limestone. 

2.  Gray  or  buff  colored,  and  blue  or  lead  colored  argillaceous  limestone,  clay,  etc.,  containing 
Inoceramua  problematicns,  Ammonites,  etc. 

1.  Sandstones  and  clay,  white,  gray,  or  brown,  in  irregular  and  unequal  alternating  beds, 
containing  few  fossils  "beyond  fragments  of  carbonized  wood. 

I  can,  therefore,  only  regard  the  sandstone  of  the  southwest,  or  at  least  a  large  part  of  it,  as 
identical  in  age  and  a  prolongation  of  the  formation  No.  1  of  Nebraska,  and  which,  from  the 
evidence  of  its  cretaceous  character  and  the  absence  of  any  evidence  to  the  contrary,  I  refer  to 
the  cretaceous  period. 

•  The  formation  at  the  mouth  of  the  Judith  river,  containing  a  group  of  fossils  quite  distinct  from  any  heretofore 
described,  hue  been  referred  by  Messrs.  Meek  and  Hayden,  provisionally,  to  No.  1  of  the  Nebraska  section,  from  Ha  general 
litliological  analogy,  and  from  position  ;  but  at  that  point  the  beds  2  und  3  ore  minting,  tbeso  fo«ilifcrous  beds  lying  imme- 
diately below  No.  4  of  the  section. 
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REMARKS  UPON  THE  TERTIARY  FORMATION. 

In  addition  to  the  Eocene  marine  tertiary  fossils  of  the  Boundary  collections,  there  are 
numerous  specimens  of  regularly  stratified  sandstone,  conglomerate,  clay,  etc.,  which  are  refer- 
rible  to  the  tertiary  period.  The  relations  of  the  beds  of  these  different  series  and  their  great 
thickness  indicate  that  they  belong  to  a  system  of  deposits  having  a  wide  extent  in  that  part  of 
the  country  from  which  the  specimens  were  derived.  The  mineral  aspect  of  the  specimens,  the 
association  of  clays,  sandstones,  and  conglomerates,  show  a  close  similarity  with  the  tertiary 
formation  of  the  Hauvaises  Terres  of  Nebraska.  Further  explorations,  collections,  and  com- 
'  parisons  are  certainly  necessary  beforo  this  identity  can  be  fully  established ;  but  the  numerous 
intermediate  explorations,  from  the  Missouri  river  to  the  Mexican  boundary  line,  indicate  the 
occurrence  of  similar  formations  along  the  entire  distance.  The  collections  from  the  tertiary 
basin  east  of  the  Cordilleras  likowiso  present  specimens  of  lithological  aspect  and  conditions  so 
similar  to  those  of  the  Bio  Grande  on  the  cast,  that  there  would  appear  to  be  some  relation 
between  the  formations  at  these  distant  points. 

The  tertiary  materials  in  the  collections  do  not  appear  to  me  sufficient  to  furnish  more  than 
grounds  for  a  probable  inference  regarding  the  identity  of  the  formations,  and  in  tho  almost 
entire  absence  of  fossils  from  the  western  basin,  it  might  be  unwise  to  express  any  positive 
opinion  regarding  tho  equivalency  of  these  beds. 

Without  possessing  the  means  of  a  detailed  section  of  the  successive  beds  along  the  line  of  the 
boundary  survey,  we  are  able,  from  the  specimens  of  rocks  and  fossils  in  the  collection,  to  present 
the  order  of  succession  and  general  features  of  the  formations  and  their  relative  position. 

The  following  section  will  serve  to  show  the  order  of  succession  and  relative  age  of  the  forma- 
tions crossed  by  the  Boundary  survey: 

TERTIARY  FORMATION. 
Tertiary  formations  on  the  west  coast,  probably  of  Miocene  age. 

Tertiary  formations  east  of  the  Cordilleras,  consisting  of  beds  of  sandstone,  sand,*  conglome- 
rates, etc.,  with  subordinate  beds  of  sandstone.  Formations  in  the  valley  of  the  Bio  Grande, 
consisting  of  sandstone  and  conglomerate,  with  their  calcareous  bedB,  resembling  in  many 
respects  the  tertiary  formations  of  the  Mauvaises  Terres  in  Nebraska. 

Calcareous  beds,  with  marine  fossils  of  the  Eocene  tertiary,  apparently  underlying  uncon- 
formably  the  preceding  strata. 

CRETACEOUS  FORMATION. 
Argillaceous  beds,  containing  Exogyra  costata,  etc. 

Calcareous  beds  of  a  buff  color,  and  similar  beds  of  a  lead  color,  with  beds  of  white  limestone, 
containing  Gryphcea  Pilcheri,  Cardium  muHistriaivm,  ToansUr,  Hoiedyptu,  Cyphotoma,  Pyrina, 
Ammonites  Texanut,  Hippurites,  Caprina,  Nerinea,  etc. 

Sandstone  of  various  colors,  white,  brown,  red,  etc.,  with  beds  of  clay,  etc 

CARBONIFEROUS  FORMATION. 

Upper  carboniferous  limestone,  containing  Spiri/er  cameralus,  S.  lineatus,  TerebraltUa  svbtUiia, 
and  other  fossils  of  the  age  of  the  coal  measures.  Perhaps,  also,  some  other  members  of  the 
coal  measures,  represented  in  the  altered  sandstones  and  slates  of  the  collection. 

*  The  drifting  nisdi  of  the  aouthweet,  like  thoeo  of  the  north,  appear  to  be  derived  from  the  undrtuiiu  of  the  tertiary  period 
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DEVONIAN  AND  SILURIAN  FORMATIONS. 

The  specimens  referrible  to  strata  of  this  age  are  few,  and  tlieae  are  in  such  condition  as  to 
give  little  satisfactory  information  regarding  the  rocks  in  place. 

NEWER  IGNEOUS  AND  METAMORPHIC  ROCKS. 

Igneous  and  metamorphic  rocks  of  the  Limpia,  Ouadaloupe,  and  Organ  mountains,  Sierra 
Madre,  etc.,  which  are  of  modern  origin.* 

OLDER  METAMORPHIC  ROCKS. 

Metamorphic  rocks  of  Silurian  and  Devonian  age,  forming  the  range  of  the  Cordilleras  and 
the  isolated  mountains  in  the  great  plain  on  the  east  of  that  mountain  chain. 

•  The  materials  which  appear  aa  the  result  of  igneous  and  motamorphic  action,  may  bo  derived  from  rocks  of  the  coal 
moAiurM  and  from  older  formation*,  as  well  aa  from  thoae  of  more  recent  date.    Bat  from  all  we  know  of  the  character  of 
metamorphic,  silurian,  devonian,  and  carboniferous  strata  elsewhere,  those  hero  referred  to  do  not  possess  the  name  characters 
and  do  not  belong  to  the  same  period  of  meUmorphism. 
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DESCRIPTIONS  OF  CRETACEOUS  AND  TERTIARY  FOSSILS. 

BY  T.  A.  CONRAD. 

The  organic  remains  in  the  collection  of  the  Boundary  Survey  are  chiefly  cretaceous  shells, 
which  I  have  carefully  compared  with  the  Alabama  and  New  Jersey  species  ;  and  out  of  more 
than  one  hundred  species  in  Rocmer's  and  the  Survey  collections,  I  can  find  only  two  that  may  be 
considered  identical  with  Now  Jersey  species.  These  are  Exogyra  oostata  and  the  Ostrea  vesi- 
cularis  of  Lam.,  which  is  at  least  a  marked  variety,  termed  anoeUa  by  Roemer.  D'Orbigny 
places  some  of  Roemer's  Texan  species  in  the  same  division  to  which  he  refers  all  the  New  Jersey 
species,  the  Senonian  stage  ;  yet  I  think  there  is  sufficient  evidence  that  the  cretaceous  strata  of 
Texas  are  not  exactly  synchronous  with  those  of  Now  Jersey,  or  of  Alabama,  while  those  of  the 
latter  State  appear  to  form  a  passage  or  intermediate  stage  between  the  cretaceous  strata  of  the 
two  former  states,  which,  besides  the  Exogyra  and  Ostrea  above  mentioned,  have  four  other 
species  in  common,  vis :  Oryphcea  Pitcheri,  Trigonia  thoracica,  Morton,  Baculites  anceps,  and 
B.  asper. 

Among  these  interesting  fossils,  those  from  Loon  Springs  are  conspicuous  for  variety  and 
beauty,  and  unequivocally  mark  the  cretaceous  period.  There  is  not  the  slightest  trace  of  the 
Jurassic  or  any  formation  older  than  the  grand  epoch  of  the  chalk.  A  few  interesting  fossils 
from  near  the  mouth  of  Puercos  river  are  imbedded  in  a  white,  chalky  limestone,  and,  with  the 
exception  of  Ammonites  Texanus,  are  peculiar  in  this  locality,  in  the  present  state  of  our  col- 
lections. There  is  a  specimen  of  flint  from  Leon  .Springs  of  the  horn-shaped  form  so  common  in 
the  chalk  of  Europe. 

A  few  Eocene  shells  collected  by  Mr.  Sohott,  of  the  age  of  the  Claiborne  formation,  prove  that 
Eocene  strata  occur  in  western  Texas. 

Eocene  species. 

Cardita  planicosta,  Arroyo  Las  Minas,  between  Eagle  Pass  and  Loon. 
Corbula  nasuta,  Con.  ' 
Cytherea  Nuttalli,  Con. 
Cassidula  alveata,  Con. 
Volutilithes  Sayana,  Con. 
Natica  limula,  Con. 

Cretaceous  fossils  from  Oak  Creek,  Texas,  collected  by  Arthur  Scholt. 

Ammonites  Texanus,  Roemer,  near  Puercos  river. 
Nerinea  Schotti,  Con.,  near  tho  mouth  of  Puercos  river. 
Caprina  occidentalis,  Con.,  near  the  mouth  of  Puercos  river. 
C.  planata,  Con.,  Oak  creek,  near  Puercos  river. 
Hippurites?  n.  s.,  near  the  mouth  of  Puercos  river. 
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Kostellaria?  oollina,  Con. 
R.  ?  Texana,  Con. 
Natica  coUina,  Con. 
N.  Texana,  Con. 
Buccinopsis  Parryi,  Con. 

Crtiaoeons  fossils  from  between  El  Paso  and  Front  era,  collected  by  Colonel  W.  H.  Emory. 

Exogyra  Matheroniana,  D'Orbiguy. 

Grypbaea  Pitcher i,  Morton. 

Oardium  (Protocardia)  Texanam,  Con. 

Trigonia  Emory  i,  Con. 

Neithea  Texana,  (Pecten,  Boemer.) 

K.  occidentalia,  Con.,  (quadricoatata,  Boemer.) 

Plicatula  incongrua,  Con. 

Area  subelongata,  Con. 

Cretaceous  fosaOs  from  Leon  Springs,  collected  by  Colonel  W.  H.  Emory. 

Exogyra  Matheroniana,  D'Orbigny. 

E.  arietina,  Boomer. 

E.  lreviuaacula,  Boemer. 

Gryphaja  Pitcheri,  Morton. 

Trigonia  Texana,  Con. 

Lima  Leonen&U,  Con. 

Feithea  filosa,  Con. 

N.  Texana  (Pecten,  Boemer.) 

N.  occidentalia,  Con. 

Cardium  multiatriatum,  Shumard. 

Arcopagia  Texana,  Roomer. 

Cardium  Sancti-aabaj,  Boemer. 

Capsa  Texana,  Con. 

Terebratola  Choctawensis,.  Shumard. 

Caprina  craasifibra,  Shumard. 

Turritella  Leonenaia,  Con. 

Natica,  . 

HamiteH  larvatus,  Con. 
Ammonites  flaccidicosta,  Boemer. 
A.  Texanus,  var.  Boemer. 
Cyphoaoma  Texanum,  Boemer. 
Pyrina  Parryi,  Hall. 
Holectypua  planatus,  Boemer. 
Toxaster  Texanum. 
Turbinolia  Texana,  Con. 
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Cretaceous  fossils  from  Jacun,  3  miles  below  Laredo,  collected  by  A.  Schott. 

Inoceramus  Crispii,  Mantell. 

I.  Texanns,  Con. 

Ostrea  crcnnliraargo,  Roemer. 

Exogyra  co«tata,  Say. 

Dosinea,  (imperfect casts.) 

Torritella  (casts.) 

Natica,  (casts.) 

Cretaceous  fossils  from  Lepan  ffiUs,  collected  by  A.  Schott. 

Exogyra  arietina,  Roemer. 
Terebratula  Wacoensis,  Roemer. 
Neithea  Texana  (Pecten,  Roemer.) 
Oardium  congestum,  Con. 
Ammonites  Texanns,  Roemer. 
Hemiaster  Texanns,  Roemer. 
Holectypus  planatus,  Roemer. 

Of  the  above  species  C.  congestum  was  collected  on  the  Rio  8an  Pedro,  and  all  the  others  on 
the  Rio  Bravo  del  Norte. 

Cretaceous?  fossils  from  Dry  Creek,  Mexico,  collected  by  A.  Schott. 

Ostrea  cortex,  Con. 
0.  mnltilirata,  Con. 

Cretaceous  fossils  from  various  localities,  collected  by  A.  Schott. 

Neithea  Texana  (Pecten  Roemer.)  8an  Pedro  River,  mouth  of  painted  caves  ;  valley  of  the 
Rio  Bravo,  a  few  miles  below  the  month  of  Rio  San  Pedro ;  upper  valve  of  the  same,  near  the 
mouth  of  the  San  Pedro. 

Terebratula  Wacoensis,  Roemer,  Aroyo  Pedras  Pintas. 

Terebratula  Wacoensis.— Ibid. 

Inoceramus  Crispii,  Mant.  Aroyo  Pedras  Pintas  and  Las  Moras. 

"  "   ?  Salt  Creek. 

Neithea  occidentalis,  Con.  Aroyo  Las  Miiias,  between  Leon  and  Eagle  Pass. 
Ostrea  carinata?  Lam.  Turkey  Creek,  Las  Misas. 
0.  anomiftiforniis,  Roemer,  Turkey  Creek,  Las  Minas. 
Cardium  congestum,  Con.  Valley  of  Royo  San  Felipe. 
Ammonites  flaccidicosta,  Roemer,  bed  of  Rio  San  Pedro. 
A.  Texanaa,  Roemer. 

A.  pedernaliB,  Roemer,  Rio  Bravo  del  Norte,  near  the  month  of  Puercos  river. 
A  pedernaliH,  Yellow  stone. 
Rostellites  Texanns,  Con.  Eagle  Pass. 
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POLYPI. 

TURBINOLIA,  Lam. 

TITRBINOLIA,  TEXAN  A. 

Plate  II,  Fig.  3,  a,  b. 

■ 

Horn-shaped, curved,  with  transverse,  obtuse  undulations;  radii  equal,  prominent,  numerous, 
(about  50  in  number,)  transverse  section  oval. 
Locality. — Between  El  Paso  and  Frontera. 

There  are  two  specimens  of  this  fossil  in  the  collection,  but  the  cup  in  each  is  filled  with  a 
portion  of  the  limestone  in  which  they  were  imbedded,  and  the  characters  are  thus  concealed. 

ECHLNODEBMATA . 

Several  species  of  this  family  occur  among  the  collections  of  the  Boundary  Survey.  Three  of 
these  are  identical  with  species  described  by  Dr.  F.  Roemer,  in  his  Kreidebildungen  von  Texas, 
while  two  others  are  quite  distinct.  Owing  to  the  imperfection  of  the  specimens  in  the  collec- 
tion, some  of  the  figures  have  been  copied  from  the  work  cited.  It  was  not  until  the  collections 
of  the  second  survey  of  the  Boundary  were  received  that  the  Toxaster  clegans  was  observed,  and 
it  has  been  figured  on  the  supplementary  plate  21.  The  association  of  these  and  other  species 
with  the  well  known  cretaceous  fossil  Gryphcea  Pitcheri,  figured  upon  the  same  plate,  leaves 
nothing  further  to  be  desired  in  proof  of  the  age  of  the  formation.* 

PYRIN  A  PARRYI,  Hall. 
Plats  I,  Fig.  1,  a-d. 

Shell  oblong  ovoid,  or  somewhat  pentagonal,  with  the  angles  rounded,  convex  above  and 
concave  in  the  middle  beneath ;  apex  central,  flat  or  slightly  depressed,  prominently  convex  in 
front,  and  subtruncate  behind;  mouth  central,  oval;  anus  ovate,  narrower  above  and  situated 
centrally  between  the  upper  and  lower  side  of  the  shell ;  ambulacral  areas  somewhat  prominent 
or  slightly  elevated  above  the  rest  of  the  surface.  Tubercles  on  the  upper  side  scattered,  with 
granular  spaces  between,  becoming  more  numerous  on  the  sides  and  crowded  on  the  base  of  the 
shell.  •  Length  1J-  inches  ;  width  1|  inches. 

The  general  contour  of  the  fossil  is  a  broad  oval,  slightly  narrower  behind  and  subtruncate; 
while  the  elevation  of  the  ambulacral  space  in  front  gives  it  a  slight  prominence  in  that  part. 
This  prominence  of  the  ambulacral  spaces  likewise  often  gives  an  obtusely  pentagonal  form  to 
the  shell ;  but  this  character  is  not  constant,  nor  is  the  slight  prominence  in  front  observable  in 
all  specimens. 

This  neat  and  pretty  species  is  readily  distinguishable  from  any  other  yet  described  from  the 
cretaceous  rocks  of  the  southwest. 

•  Prof.  Agawii,  to  whom  th«e  fowiU  were  submitted,  cxpretswi  bis  opiniou  that  tlicy  were  from  tu«  lower  creuccoo* 
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* 

Fig.  la.  Upper  side  of  specimen. 

Pig.  16.  Lower  side. 

Pig.  lc.  Posterior  view. 

Fig.  Id.  Portion  of  the  summit  enlarged. 

Locality.— Leon  Springs,  El  Paso  road. 

TOXASTER  TEX  ANUS. 
Plate  I,  Fio.  2,  o-c. 
ToxaMer  Texanus,  Boemer,  Kreidebildungen  Ton  Texas ;  p.  85,  pi.  x,  fig.  3. 

Shell  oblong,  suhpentagonal-ovate,  rotund  before,  the  middle  emarginate,  truncate  behind, 
elevated  convex  ;  mouth  transverse,  snbreniform  ;  anal  aperture  round-oval ;  the  larger  tuber- 
cles arranged  in  a  triangular  area  upon  the  lower  surface. 

The  specimens  of  this  species  in  the  collection  are  somewhat  compressed  vertically,  cordate- 
ovate  in  form,  rather  abruptly  emarginate  in  front. 

Fig.  2a.  View  of  the  base  of  a  specimen. 

Fig.  26.  Upper  side  of  the  same. 

Fig.  2c.  Posterior  view. 

CYPHOSOMA  TEXANUM. 

Plats  I,  Fie.  3,  a-c. 
Diadema  Texanum,  F.  Boemer,  Texas ;  p.  392. 

CyphoBoma  Texanum,  Boemer,  Kreidebildungen  von  Texas ;  p.  82,  pi.  x,  fig.  6. 

Orbicular,  scarcely  subangular,  little  elevated,  depressed  above,  plane  or  concave  below ; 
tubercles' of  the  ambulacral  and  interambulacral  areas  equal,  distinctly  crenulate ;  tubercles  of 
the  ambulacral  areas  biserial,  intermediate  tubercles  few ;  tubercles  of  the  interambulacral  area* 
arranged  in  two  principal  series,  and  two  slightly  smaller  accessory  series,  intermediate  tubercles 
numerous,  scattered. 

The  specimens  of  this  species  in  the  Boundary  collections  are  fragmentary. 

Fig.  3a.  Profile  view. 

Fig.  36.  View  of  lower  side. 

Fig.  3c.  Enlargement  of  surface,  showing  the  ambulacral  and  interambulacral  tubercles, 

■ 

pores,  etc. 

Locality. — Leon  Springs,  Texas. 

HOLECTYPUS  PLANATUS. 

Plate  I,  Fio.  4,  a,  6,  c,  d,  «,/. 

Orbicular  or  subpentagonal,  moderately  elevated,  extremely  depressed  conical ;  inferior  sur- 
face plane,  concave  in  the  middle ;  ambulacral  areas  somewhat  prominent  above  the  rest  of  the 
surface  ;  tubercles  small  above,  larger  below,  vent  ovate,  very  large,  reaching  from  tho  mouth 
to  the  margin. 

19  M 
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Tlie  specimens  present  some  variety  in  the  greater  or  less  deration  of  the  apex  ;  the  baae  is 
often  convex  near  the  margin,  becoming  gradually  depressed  towards  the  centre.  The  tubercles 
are  very  minute  above,  giving  a  sense  of  roughness  to  the  touch,  becoming  larger  on  the  sides 
and  much  larger  below.  The  upper  surface  is  often  nearly  smooth,  while  the  lower  surface 
retains  the  tubercles  strongly  preserved. 

Fig.  4a.  profile  view. 

Fig.  4b.  Upper  surface. 

Fig.  4c.  View  of  the  base. 

Fig.  4e.  Ambulacra!  and  interambulacral  spaces  enlarged. 
Fig.  4/.,  g.  Enlargement  of  a  tubercle  of  base. 

TOXA8TER  ELEGANS. 

Plate  XXI,  Fig.  1  o-c. 

Hemuuter  degans,  Shumard,  in  Marcy's  report  of  Exploration  of  the  Red  River  of  Louisiana ; 

page  210,  pi.  2,  fig  4  a,  b,  c. 

Shell  subcordate-ovate,  much  elevated,  apex  anteriorly  sub-central,  rotund  before,  and 
emarginate  in  the  middle  by  a  sinus  which  terminates  below  in  the  mouth  ;  obtuse  or  subtrun- 
cate  behind,  with  a  shallow  depression  below  the  vent ;  mouth  transverse,  round-oval,  with  a 
shallow  depression  on  each  side  extending  to  the  margin,  anus  oval,  near  the  upper  margin  ;  the 
larger  tubercles  scattered  upon  the  upper  surface,  and  becoming  more  numerous  and  larger  on 
the  sides  and  lower  margin ;  a  triangular  lanceolate  space  beginning  near  the  mouth,  and 
widening  to  the  posterior  extremity,  covered  with  large  tubercles,  with  a  space  on  each  side 
entirely  Bmooth,  or  with  a  few  scattered  tubercles. 

This  species  has  the  ambulacral  areas  defined  by  broad,  shallow  grooves,  which,  with  the 
exception  of  the  anterior  one,  extend  to  the  upper  outer  margin  of  the  test.  It  resembles  in 
many  of  its  characters  the  specimens  which  have  been  identified  as  Toxasttr  Texanum,  but  the 
apex  is  more  nearly  central  (being  anterior  to  the  centre,  while  in  that  one  it  is  posterior.)  In 
the  specimens  under  consideration,  the  ambulacral  spaces  are  all  deeply  impressed,  and  the 
anterolateral  ones  are  more  divergent ;  the  anus  is  nearer  the  upper  edge,  and  its  greatest 
length  is  in  a  vertical  direction.  Although  the  figures  of  Dr.  Shumard  convey  no  very  definite 
idea  of  the  characters,  yet  his  description  is  very  satisfactory,  and  leaves  little  doubt  regarding 
the  identity  of  that  species  with  the  one  under  examination. 

Fig.  la.  Upper  side. 

Fig.  15.  Lower  sido. 

Fig.  lc.  Profile  of  posterior  end. 

Fig.  la*.  Lateral  view  in  outline. 

Fig.  le.  Enlargment  of  tho  surface. 

Locality.— Eagle  Spring,  Texas. 
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BIVALVES. 

CAPRINA,  DOrbigny. 

CAPRINA  OCCIDENTALIS. 

Platb  II,  Figure  1,  a,  b,  c. 

Caprina  occidentals,  Con.  Proc.  Acad.  Nat.  Sci.  vol.  VII,  p.  268. 

Falcate,  flattened  on  the  side  of  the  onter  curve,  convex  on  the  opposite,  the  other  margins 
acutely  rounded ;  surface  very  obscurely  striated  transversely,  substance  coarsely  fibrous. 
Locality. — Near  the  mouth  of  Puercos  river. 

CAPRINA  PL  AN  AT  A. 

Platb  II,  Figure  2,  a,  b. 
Caprina  planata,  Con.  Proc.  Acad.  Nat.  Sci.  Vol.  VII,  p.  268. 

Flattened  on  one  side  and  convex  on  the  opposite,  much  compressed,  very  long  and  narrow, 
falcate,  fibrous,  and  exhibiting  small  septa. 

A  fragment  of  a  "valve,  two  feet  in  length,  and  another  smaller  fragment,  are  all  of  this 
species  that  I  have  seen.  The  cavities  between  the  septa  are  lined  with  crystals  of  carbonate  of 
lime,  and  both  this  and  the  preceding  species  are  imbedded  in  white  friable  limestone. 

Locality. — Oak  creek,  near  Puercos. 

TEREBRATULA,  Lhwyd.  Lam. 
TEREBRATULA  WAOOBNSIS. 

Platb  III,  Figure  1. 
Terebratula  Wacoensis,  Roomer,  Kreide.  von  Texas,  p.  81,  pi.  VI. 

Inflated,  semi-globose,  pentagonal,  smooth  ;  front  margin  straight,  not  inflated,  dorsal  valve 
most  convex ;  umbo  obtuse,  slightly  incurved ;  area  sufficiently  distinct,  circumscribed  by  an 
obtuse  angle ;  ventral  valve  suborbicular,  regularly  convex ;  surface  minutely  punctate. 

Locality.— 

TEREBRATULA  CHOCTAWENSI8. 

Tcrebratvla  Choctatcenne,  Shumard,  Geol.  of  Red  river,  p.  207,  pi.  II,  fig.  3. 

Suboval,  truncated  at  base ;  both  valves  ventricose,  surface  elegantly  marked  with  minute 
punefce. 

Locality. — Leon  Springs. 

TRIGONIA,  Lam. 

This  interesting  genus  has  been  found  as  far  down  in  the  geological  series  as  the  triassic 
rocks.  D'Orbigny  enumerates  ninety-nine  species,  and  although  there  is  one  living  representa- 
tive on  the  coast  of  Australia  yet  the  genus  is  unknown  in  the  strata  of  tertiary  periods. 
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TRlGONlA  EMOBYI. 
Plat*  III,  Figure  2,  o,  6,  c. 
Trigonia  Emoryi,  Con.  Proc.  Acad.  Nat.  Sci.,  toI. 

Inequilateral,  obliquely  truncated  posteriorly,  alated ;  obliquely  ribbed ;  ribs  about  34,  narrow, 
prominent,  compressed,  or  laterally  abrupt,  nodulose,  diverging  near  tbe  dorsal  margin  ;  ribs 
posteriorly,  about  the  umbonal  slope,  composed  of  series  of  small  noduleB. 

The  form  of  this  species  approaches  nearest  to  T.  crenulata,  but  it  is  wider  across  the  middle 
between  the  buccal  and  umbonal  slope.  The  form  of  ribs  is  most  nearly  like  those  of  T.  tcabra, 
but  that  shell  has  a  wider  anal  area,  and  the  dorsal  depression  iB  much  smaller,  being  of  a  more 
orate  cnneate  form. 

Locality. — Between  El  Paso  and  Frontera. 

TRIGONIA  TEXAN  A. 

Platb  III,  Figure  3,  a,  b,  c. 

Trigonal  cast  of  a  large  species,  which  is  profoundly  ventricose,  truncated  and  direct  on  the 
ventral  end,  summits  profoundly  elevated  ;  shell  unknown. 
Locality.— Leon  Springs. 

MACTRA,  Lin.  Lam. 

MACTttA  TEXAN  A. 

Platb  IV,  Figure  1,  a,b. 
Mactra  Texana,  Con.  Proc.  Acad.  Nat.  Sci.,  vol.  VII,  p.  269. 

Triangular,  ventricose,  subequilatcral,  buccal  end  subangulated  and  slightly  produced,  much 
above  the  line  of  the  baae,  which  is  regularly  and  profoundly  curved,  anal  margin  obliquely 
truncated,  extremity  angulated  ;  buccal  margin  straight  and  very  oblique  ;  summit  prominent. 

This  species  is  known  from  casts,  and  may  prove  to  belong  to  the  genus  Schizodesma,  Gray. 

Locality.— Prairie  between  Laredo  and  Rio  Grande  city. 

CUCULLEA,  Lam. 

CUCULLiEA  TERMINALS. 

Plate  IV,  Figurb  2,  a,  b. 

Ovate- triangular,  ventricose ;  buccal  margin  in  the  cast  almost  direct;  anal  side  produced, 
cuneiform,  extremity  angulated;  basal  margin  straight;  summit  profoundly  prominent. 

I  have  not  seen  the  shell  of  this  species.  Comparing  the  casts  with  those  of  C.  vulgaris, 
Morton,  tho  summits  are  found  to  be  much  more  prominent  and  more  distant,  as  well  as  more 
nearly  terminal. 

Locality.— 

ARCA,  Lin. 

A  RCA  8UUELONGATA. 

Plate  VI,  Figure  3,  o,  b. 
Trapezoidal ;  anterior  end  regularly  and  rather  acutely  rounded ;  hinge  and  basal  margins 
parallel  •  posterior  extremity  obliquely  truncated. 
Locality.— Between  El  Paso  and  Frontera. 


Digitized  by  Google 


MEXICAN  BOt-NPARY  UMB. 


14D 


AHCOPAOIA. 

ARCOPAOIA  TEXAN  A. 

Plats  IV,  Fiouto  3,  a,  b. 

Afcojxxgia.  Texanb,  Boemer,  Kreide.  Ton  Texas,  pi.  VT,  fig.  8. 

Orbicular,  compressed,  lentiform,  inequivalve,  Bubtortuous,  cardinal  margin  nearly  straight, 
forming  an  obtuse  angle  with  the  posterior  margin ;  anterior  muscular  impression  distinct, 
elongated,  linguiform;  posterior  impression  subrotund,  approaching  the  cardinal  margin;  umbo 
small  and  slightly  prominent. 

CARDIUM,  Lin.  Lam. 

CARD1UM  MEDIALE. 

Platb  IV,  Figure  4,  a,  b. 

Cordate,  equilateral,  ventricose;  base  profoundly  and  nearly  regularly  rounded ;  beaks  promi- 
nent ;  posterior  margin  truncated,  direct. 
Locality.— 

CARDIUM  CONGESTUM. 

Platb  VI,  Fi«um  5,  a,  b,  c,  d. 

Cordate,  inflated,  subequiUteral ;  umbo  prominent;  beaks  approximate;  ribs  radiating, 
probably  about  twenty-fire  in  number. 

An  abundant  species  in  the  form  of  casts  of  entire  specimens.  A  mere  trace  of  the  shell  in 
one  of  these  leads  to  the  inference  that  the  ribs  were  carinated.  It  haa  some  general  resem- 
blance to  C.  constantia,  D'Orbigny,  but,  unlike  that  species,  it  is  oblique. 

Locality.— Kio  San  Pedro. 

CARDIUM,  Sub-genus  PROTOCARDIA,  Beyrich. 

The  genus  Frotocardia  of  Beyrich  was  founded  on  the  Cardium  HUlanum  of  Sowerby.  A 
number  of  species  have  been  figured  by  authors— four  hare  been  described  in  D'Orbigny's 
Palsontologie  Francaise.  They  are  generally  indicated  by  concentric  lines  or  ribs,  and  have 
radiating  striae  only  on  the  post-umbonal  area.  The  hinge  resembles  that  of  the  Linnaoan 
Cardium,  and  the  species  seem  to  pass  into  tbat  genus,  even  through  external  characters.  Never- 
theless, they  form  a  natural  section,  having  no  living  representative,  and  characterizing  the 
cretaceous  and  older  tertiary  formations. 

CARDIUM  (PROTOCARDIA)  MULTI STRIATUM. 

Plate  VI,  Figure  4,  a,  b,  c. 
Cardium  muliistriatum,  Shumard.  Geol.  of  Red  River,  p.  207,  pi.  IV,  fig.  2. 

Subrotund,  inflated,  height  and  length  nearly  equal ;  truncated  posteriorly;  basal  and  anterior 
margins  rounded;  surface  of  posterior  submargin,  with  14-15  regular  radiating  striae ;  remainder 
of  surface  marked  with  fine,  equal,  rounded,  close  concentric  striss ;  summit  rather  prominent. 

Locality.— Leon  Springs. 
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CARDIUM  (PROTOCARDIA)  TKXANUM. 

Plate  VI,  Fioure  6,  a,  6,  c. 
Cardiwn  HWanum,  Roemcr,  (not  Sowerby,)  Kroide.  von  Texas,  p.  39,  pi.  VI,  fig.  12. 

Cordate,  subquadrate,  obliquely  truncated  posteriorly;  umbo  slightly  oblique,  subruedial; 
disk  concentrically  ribbed  ;  ribs  large  and  prominent,  rounded,  laterally  abrupt,  fine  and  close 
on  tbe  umbo ;  post-umbonal  area  with  about  17  tuberculated  radiating  lines. 

Locality. — Between  El  Paso  and  Frontera. 

CARDIUM  (PROTOCARDIA)  FILOSUM. 

Plate  VI,  Figure  7,  a,  b. 

Triangular,  elevated,  with  numerous  minute,  concentric  lines  anterior  to  the  umbonal  slope, 
which  is  obtusely  carinated ;  umbonal  and  post-umbonal  slopes  marked  with  close,  fine  radii, 
about  30  in  number. 

ThiB  is  the  smallest  species  I  have  seen,  and  the  only  one  with  a  carinated  umbonal  slope. 
Locality.— Leon  Springs. 

C AUDITA,  Lam.  Blainville. 

CARDITA  EMIXTTLA. 

Plate  VI,  Figure  8. 

Ovate-acute  from  beak  to  base,  elevated  ;  ribs  16,  prominent,  rounded?  Those  on  the  anterior 
slope  angular,  acute,  umbo  narrow,  beaks  pointed  and  elevated. 

There  is  one  specimen  of  this — a  cast  of  both  valves ;  there  appear  to  be  traces  of  radiating 
lines  between  the  ribs. 

Locality.— Leon  Springs. 

CORBULA. 

OORBULA  OCCIDENTALS. 

Plate  VI,  Figure  9. 

Allied  to  C.  oniscus,  Con.)  but  has  finer  and  more  numerous  concentric  furrows.  It  is  pro- 
bably an  Eocene  species  ;  but  was  found  in  western  Texas. 

NEITHEA,  Drouet. 

This  genus,  it  appears  to  me,  should  be  restricted  to  that  group  of  shclb  with  an  angular 
base  of  which  Pecten  quinquecostatua,  Sowerby,  is  the  type.  So  restricted,  the  genus  is  probably 
confined  to  the  Cretaceous  strata,  and  is  certainly  highly  characteristic.  No  species  of  it  occurs 
in  Tertiary  formations,  nor  in  a  living  state. 

NEITIIEA  OCCIUENTAUS. 

Plate  V,  Figure  1,  a,  6. 

Ncithea  occidentals.  Conrad.  Proc.  Acad.  Nat.  Sci.  vol.  VII,  p.  269. 

Pecten  quadrieostalus,  Roeraer,  (not  Sowerby,)  Kreide.  von  Texas,  p.  64,  pi.  VIII,  fig.  4. 

Ovate-triangular ;  lower  valve  inflated,  unequally  ribbed,  and  concentrically  striated,  Hues 
very  fine ;  large  ribs  rounded  and  elevated,  smaller  ribs  equal,  two  in  number  in  each  of  the 
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intervals  of  the  larger  riba,  which  latter  have  on  each  side  a  raised  line  or  fine  rib,  giving  it  a 
trifid  character ;  upper  valve  snhconcave. 

This  species  differs  from  P.  qvadrioottatua,  Sowerby,  in  having  but  two  equal  ribs  between 
the  larger,  while  that  species  his  three  corresponding  ribs,  and  it  is  also  proportionally  a  nar- 
rower or  more  elevated  shell. 

NETTHEA  TKXANA. 

Plate  V,  Fiqubb  2,  o,  b. 
Pecten  Texanua,  Roemer,  Kreide.  von  Texas,  p.  C5,  pi.  VIII,  fig.  3. 

Orbiculate-triangular,  plano-convex;  inferior  valve  convex,  with  15-17  ribs,  which  are  sab- 
equal,  broad,  flattened,  smooth,  and  bisulcate  laterally,  or  margined  on  each  side  by  a  small 
rib :  superior  valve  flat ;  ribs  unequal,  slightly  prominent,  flattened. 

Locality. — Between  £1  Paso  and  Frontera. 

LIMA. 

LIMA  WACOEN8I8. 

Plats  V,  Figure  4,  o,  6. 

Lima  Wacotnaie,  Roemer,  Kreide.  von  Texas,  p.  63,  pi.  VIII,  fig.  7. 

Oblong-oblique,  transverse,  anteriorly  subtruncated,  with  radiating  ribs,  which  are  slightly 
unequal,  anteriorly  narrower,  closer,  subdichotomous. 

LIMA  LEONKNSIS. 

Platk  V,  Figure  3,  a,  6,  c. 

Very  oblique,  elevated,  of  a  somewhat  oblong-oval  outline;  buccal  side  produced,  compressed, 
angular  at  the  extremity;  margin  above  the  extremity  truncated,  very  oblique;  below  it  the 
margin  is  also  truncated,  and  parallel  with  the  umbonal  slope ;  basal  margin  rounded ;  anal 
extremity  angulated  ;  ears  small ;  ribs  about  19  in  number,  angular  or  subangular,  and  cari- 
nated  on  the  middle ;  surface  with  fine  radiating  lines,  and  towards  the  base  the  ribs  are  more 
distinctly  carinated  than  above. 

This  is  a  larger  species  than  the  preceding,  and  differs  in  form,  in  having  carinated  ribs,  and 
in  having  the  summit  of  the  right  valve  much  more  prominent  or  elevated  than  the  left ;  the 
ears  are  also  smaller,  and  the  margin  much  below  the  summit  of  the  right  valve.  The  largest 
specimen  measures  rather  more  than  \\  inches  from  beak  to  anal  extremity. 

Locality. — Leon  Springs. 

INOCERAMU8,  Sowerby. 

INOCERAMUS  C0NFERTIM-ANNVJLATU8. 

Plate  V,  Fio.  5. 

Inoctramus  conferiim-onnvlatua,  Roemer,  Kreide.  von  Texas,  p.  59,  pi.  VII,  fig.  4. 

Transverse,  oval,  depressed,  concentrically  undulato-plicated  and  striated,  folds  robust,  regu- 
larly rounded  ;  intervals  of  the  wider  folds  hardly  equal ;  elevated  lines  very  fine,  equidistant, 
regular  on  the  fold,  and  intervals. 

Locality.— Near  New  Braunfels. 
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1N0CERAMUB  MTTOOPSIS. 

Plats  V,  Fro.  6,  a,  b. 
Inoceratnus  mylHoides,  Roomer,  (not  Mantell,)  Kreide.  von  Texas,  p.  60,  PI.  VII,  fig.  5. 

Oblique,  elongate-ovate,  inflated,  concentrically  plicated  and  striated ;  umbo  very  oblique, 
summit  acute,  prominent ;  buccal  side  short,  extremity  obtusely  rounded,  and  the  margin  above 
and  below  subtruncated,  the  latter  parallel  with  the  anal  margin,  which  is  oblique  and  sub- 
truncated  ;  anal  side  somewhat  compressed. 

This  species  is  more  oblique  than  I.  mytiloides,  with  a  longer  cardinal  line ;  is  proportionally 
less  elevated,  with  the  margins  subangulated,  while  in  the  I.  myiUoides,  they  are  regularly  or 
obtusely  rounded. 

INOCERAMUS  TEXAN  D8. 

Plats  V,  Fio.  1. 

Elevated,  suboval,  compressed,  equilateral ;  hinge,  and  lateral,  and  basal  margins  regularly 
rounded ;  folds  robust,  prominent,  unequal ;  summit  not  prominent. 
Locality. — Western  Texas. 

INOCERAMUS  CRISP II. 

Plate  V,  Fig.  8. 

Inoceramus  Crispii,  Mantell,  Foss.  of  South  Downs,  p.  133,  PI.  XXVII,  fig.  11. 

Equivalve,  elongate-ovate,  transverse,  inflated,  concentrically  undulato-plicate,  elegantly  and 
finely  striated  ;  anal  side  subdepressed,  produced  ;  buccal  side  short,  obliquely  subtruncated ; 
cardinal  margin  long  and  straight. 

This  appears  to  be  the  same  species  that  Dr.  Morton  described  as  I.  Barabini,  but  his  speci- 
mens were  very  imperfect. 

Localities. — San  Antonio,  Texas  ;  Green  county,  Alabama. 

PHOLADOMYA,  Sowerby. 

PHOLADOMYA  TEXANA. 

Platb  XIX,  Fia.  3. 

A  fragment  of  a'  cast,  with  13-14  distant,  prominent,  narrow,  somewhat  undulated  or  irregular 
ribs  ;  intervening  spaces  concave ;  concentric  lines  coarse,  but  not  very  prominent. 
Locality.— Turkey  creek,  Leon  and  Eagle  Pass  roads. 

ASTARTE,  Sowerby. 

AST  ARTE  TEXANA. 

Plate  V,  Fw.  9. 

Triangular,  convex-depressed ;  buccal  extremity  subangulated,  and  much  above  the  line  of 
the  base,  which  is  regularly  rounded.    A  cast  representing  both  valves. 
The  locality  is  unknown  to  me ;  it  is  from  western  Texas. 
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CYTHEREA,  Lam. 

CYTHEBEA  LEONKNBId. 

Platb  VI,  Fig.  1. 

Oblong-subovate,  ventricose,  very  inequilateral ;  posterior  margin,  from  beak  to  extremity, 
slightly  sinuous ;  extremity  truncated  or  obtusely  rounded,  direct. 
Locality.— Leon  Springs,  El  Paso  road. 

CYTHEBEA  TEX  AN  A. 

Plate  VI,  Fro.  2. 

Obliquely-ovate,  ventricose,  very  inequilateral,  with  prominent  lines  of  growth  ;  umbo  largo ; 
umbonal  slope  subangulated ;  buccal  margin  obtusely  rounded ;  base  profoundly  rounded  j 
dorsal  margin  straight,  very  oblique. 

Locality.—  Between  El  Paso  and  Frontera. 

PLICATULA,  Lam. 

PLICATULA  INOONGBUA. 

Platb  VI,  Fiq.  10,  a,  b. 

Ovate,  small,  lower  valve  ventricose,  with  prominent  entire  ribs  bifurcating  from  the  umbo  ; 
superior  valve  flattened,  with  squamosa,  scarcely  prominent,  ribs;  interstices  linear. 

Fig.  10  a  represents  the  flat  squamose  valve,  and  fig.  106  the  opposite  smooth-ribbed  valve, 
as  they  appear  in  relief  on  a  piece  of  hard  limestone. 

EXOGYRA,  Say. 

« 

This  genus,  which  is  related  to  Oryphaa,  originated  in  the  Oolitic  epoch.  It  widely  differs 
from  Ostrea,  though  some  authors,  even  at  the  present  day,  include  the  species  in  that  genus. 
The  fact  that  all  the  species  died  out  before  the  oldest  Tertiary  period,  favors  the  idea  that  the 
animal  was  somewhat  differently  organized  from  that  of  Ostrea. 

KXOQYBA  AB1BTINA. 

Platk  VII,  Fio.  1,  a~e. 

Exogyra  arietina,  Roemer,  Kreido.  von  Texas,  p.  68,  pi.  VIII,  fig.  10. 

Exogyra  arietina,  var.  caprina,  Con.  Jour.  Acad.  Nat.  Sci.,  Vol.  II,  new  aerie*,  p.  273. 

Ventricose ;  larger  valve  having  the  umbo  spiral,  or  shaped  like  a  ram's  horn  ;  back  with 
obtuBO  or  obsolete  angles  and  furrows,  and  undulated,  subimbricated  lines  of  growth  ;  upper 
valve  nearly  flat,  with  concentric  lamellose  lines.  Very  abundant.  The  variety  caprina  is 
generally  elegantly  marked  with  distinct,  prominent,  radiating,  interrupted,  snbnodulose  ribs. 
On  the  weathered  surface  of  the  rock  they  project  in  great  perfection,  and  are  crowded  in  vast 
numbers.    It  is  related  to  E.  PeUicoi,  Gervais. 

Locality.— Leon  Springs. 

20  M 
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EXOGYRA  FIMBRIATA. 
Platk  VII,  Fioubb  2,  a,  6. 
Exogyra  Jimbriata,  Conrad,  Proc.  Acad.  Nat.  8ci.,  vol.  VII,  p.  269. 

Upper  valve  very  thick,  very  convex,  with  10  or  12  distant,  concentric,  prominent,  imbricated 
laminae ;  surface  of  valve  covered  with  minute,  semi-granular,  interrupted,  rugose  lines  ;  inner 
surface  minutely  subgranular  interiorly  ;  apex  nearly  terminal ;  lower  valve  unkown. 

Locality— Western  Texas. 

EXOGYRA  L/EV1USCULA. 

Plate  VII,  Figure  4,  o,  6. 
Exogyra  Iceviuecvla,  Roemer,  Kreid.  von  Texas,  p.  70,  pi.  IX,  fig.  3. 

Ovate,  gibbous ;  larger  valve  inflated,  subhemispherical,  obtusely  carinated  in  the  middle, 
smooth,  irregularly  ornamented  towards  the  margin,  with  a  few  larger  lines  of  increment ;  umbo 
distinctly  spiral ;  interior  margin  of  the  valve  suborbicular,  thin. 

Locality — Leon  Springs. 

EXOGYRA  MATHERONIANA. 

Plate  VIII,  Fio.  1,  o,  6;  and  Plate  XI,  Fio.  1,  a,  6. 

Exogyra  Matheroniana,  D'Orbigny,  Palaxra.  Fran.,  vol.  Ill,  p.  717,  pi.  485,  fig.  1. 
Exog-yra  plicata,  Goldfuss,  (not  Lam.) 

Exogyra  Texana,  Roemer,  Kreid.  von  Texas,  p.  69,  pi.  X,  fig.  1. 

Exogyra  Tcxana,  Shumard,  Paloaon.  of  Red  river,  p.  205,  pi.  V,  figs.  1  and  o. 

Obliquely  ovate,  convex,  thick ;  larger  valve  carinate-angulate  ;  ribs  radiating,  unequal  and 
granulate-nodose ;  umbo  exhibiting  a  point  of  attachment  ;  smaller  valve  granulose,  with  radi- 
ating ribs,  often  thickened ;  inner  margin  finely  striated ;  muscular  impression  semi-circular  or 
ovate,  submedial. 

Locality — Between  El  Paso  and  Frontera. 

EXOGYRA  COST  AT  A,  »»r. 

Plate  VIII,  Figure  2. 

Exogyra ponderosa,  Roemer,  Rreid.  von  Texas,  p.  71,  pi.  IX,  fig.  2. 

Large,  thick,  ovate,  inflated,  concentrically  lamellose-striate  ;  larger  valve  gibbous,  obtusely 
carinated,  concentric,  lamellie,  irregular,  imbricated,  laciniate  towards  the  margin ;  umbo  spiral, 
free ;  smaller  valve  thick,  concentrically  laminated,  within  smooth ;  umbo  distinctly  spiral, 
horizontal. 

EXOGYRA  COSTATA. 

Platb  IX,  Fig.  1  and  2 ;  Plate  X,  Fio.  1 ;  and  Plate  VIII,  Fio.  3. 

Exogyra  coslala,  Say.  Jour.  Acad.  Nat.  Sci.,  vol.  II,  p.  43.    Morton,  Synopsis,  p.  55,  pi.  VI, 
fig.  1  and  4. 

Suboval,  thick ;  lower  valve  convex,  oostated,  concentrically  corrugated;  cosfce  Bomewhat 
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dichotomous,  sometimes  squamose ;  apex  lateral,  with  about  two  volutions ;  muscular  impreci- 
sion profound  ;  upper  valve  with  numerous  elevated,  concentric,  squamose  lamina?. 

The  Texan  specimens  agree  in  every  respect  with  those  of  New  Jersey  and  Alabama,  and 
present  the  samo  varieties  ;  some  with,  ard  others  without,  ribs,  and  every  intermediate  grada- 
tion. 

Locality. — Jacun,  three  miles  below  Laredo. 

EXOGYRA  FRAGOSA. 
Platb  VIII,  Figcrb  2,  a,  b. 
Exogyra  fragoaa,  Con.  Froo.  Acad.  Nat.  Sci.,  vol.  VII,  p.  269. 
Orbicular;  lower  valve  ventrioose  posteriorly,  flattened  anteriorly;  ribbed;  ribs  large  and 
prominent,  broad,  irregular,  some  of  them  bifurcated,  crossed  by  robust  lamellar  lines  of 
growth ;  umbo  small,  flattened,  very  rough  and  strongly  ribbed ;  inner  margin  rugosely 
striated  ;  upper  valve  plano-convex,  with  a  very  uneven,  subgranulated,  rugose  surface,  and 
laminated  towards  the  posterior  and  inferior  margins  ;  apex  marginal. 

A  beautiful  shell,  differing  from  E.  ponderosa  or  costata  in  having  a  much  smaller  umbo, 
wider  ribs,  and  more  rotund  outline.    The  margins  within  are  finely  striated  and  anteriorly 
granulated.   The  upper  valve  is  rugose-granulate  interiorly.    The  figure  does  not  well  repre- 
sent the  elevation  and  inequality  of  the  ribs. 
Locality.— Between  El  Paso  and  Frontera. 

GRYPILEA,  Lam. 

ORYFH£A  PTTCHERI. 

Platb  VII,  Fio.  3  ;  and  Plate  X,  Fro.  2,  a,  b. 
Gryphaa  Pitchcri,  Morton,  Synopsis,  p.  65,  pi.  XV,  fig.  9. 

Gryphaa  dUatata,  var.  Tucumcarii,  Marcou,  Bui.  de  la  Soc.  Qeol.  de  France,  vol.  XII,  (May, 
1855,)  pi.  XXI,  fig.  3. 

Ovate,  gibbous,  somewhat  regular  ;  inferior  valve  inflated,  arcuate,  lobed ;  lines  of  growth 
subimbricato ;  umbo  large,  prominent,  subcompressed,  incurved;  smaller  valve  thick,  with 
faint,  impressed,  radiating  lines,  compressed  or  laterally  flattened  above  on  the  anterior  side, 
slightly  concave  in  the  middle  ;  surface  concentrically  imbricate-striate. 

This  widely-spread  species  occurs  in  all  the  localities  in  two  distinct  forms:  one  resembling 
G.  vesicularis,  and  which  is  the  type  of  the  species  as  figured  and  described  by  Morton  ;  and 
the  other,  truncated  anteriorly,  with  a  narrow,  elongated,  boat-shaped  umbo,  var.  navia,  pi. 
VII,  fig.  3,  c,  d.  The  upper  valve  of  the  typical  form  is  represented  in  pi.  X,  fig.  2,  a,  b. 
ltocmer  has  given  excellent  figures  of  the  var.  navia. 

Localities. — Leon  Springs,  Texas ;  plains  of  the  Riamesha,  Arkansas ;  New  Braunfels, 
Texas ;  Fort  Washita  and  Gross  Timbers,  Texas. 

OSTREA,  Linn. 

OSTREA  SUBSPATULATA. 

Platb  X,  Figure  3,  a,  b. 
Ostrea  svbspatulata,  Lyell  and  Sowerby,  Jour.  Geol.  Soc.  London,  vol.  I,  p.  61,  (figured.) 
Obovate ;  somewhat  trapeziform,  generally  thick  ;  higher  than  wide,  narrower  at  the  dorsal 
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than  at  the  ventral  or  basal  end,  which  is  turned  downwards  at  an  obtuse  angle ;  somewhat 
foliaceous  externally  ;  muBcalar  impression  placed  very  near  the  base. 

This  species  approximates  0.  Leymerii,  Dcsh.  It  was  first  discovered  by  Lyell  in  North 
Carolina,  associated  with  Betemnitea  mucronotw  and  Gryphcea  vericularis.  This  group  appears 
to  represent  the  age  of  the  Gryphcea  and  Exogyra  beds  of  New  Jersey. 

J^OOOs»sj^J^» ^W^©flt©ni  ^^£^LA0» 

OSTRBA  BELLA. 

Plate  X,  Figure  4,  o,  b. 

Oblong-orate,  slightly  curved ;  lower  valve  ventricose,  undulated,  with  somewhat  interrupted, 
radiating  ribs,  crossed  by  remote  squamose  concentric  lines;  beak  produced;  lesser  valve  flat, 
concave  towards  the  base,  marked  by  minute,  obsolete,  radiating  lines. 

Locality. — Western  Texas. 

OSTREA  LUOUBR1S. 

Plate  X,  Figure  5. 

Suboval ;  superior  valve  flat ;  inferior  valve  slightly  ventricose,  showing  a  mark  of  attach- 
ment on  the  umbo ;  ribs  radiating,  prominent,  rugose,  disappearing  on  the  umbo.  A  small 
species,  constant  in  character,  and  easily  recognized. 

Locality. — East  of  Red  river,  (Canadian,)  Now  Mexico,  Santa  F6  road. 

OSTREA  CARINATA. 

Platk  X,  Figure  6. 

Oalrea  carinala,  Lam.  An.  sans  vert,  Desh.  ed.  vol.  VII,  p.  240. 
Ostrea  carinala,  Roemer,  Kreid.  von  Texas,  p.  75,  pi.  IX,  fig.  5. 

Subequivalve,  elongated,  arched,  compressed,  eared  anteriorly,  regularly  plicated;  folds 
equal,  acute,  carinated,  diverging  from  a  flattened  surface  on  the  back,  genkulated  at  the  angle 
and  vertical  on  the  sides,  which  are  flattened. 

I  have  not  seen  good  specimens  of  this  shell,  and  refer  it  to  carinala  chiefly  on  the  authority 
of  Boemer. 

Localities. — Turkey  creek,  Las  Minas  ;  New  Braunfels. 

OSTREA  VELLICATA. 

Plate  XI,  Figure  2,  a,  b. 

Subovate,  inferior  valve  convex,  with  very  irregular,  laminated,  concentric  lines,  imbricated  ; 
surface  as  if  pinched  into  cavities  in  places  ;  beak  subrogated,  thick ;  margins  of  tho  lower 
valve  thickened,  muscular  impression  comparatively  near  the  base ;  hinge  area  broad. 

I  havo  seen  but  one  valve  of  this  species. 

Locality. — Rio  Grande,  between  El  Paso  and  Frontera. 

OSTREA  ROBUSTA. 

Plate  XI,  Figure  3,  a,  b. 

Elevated,  subfelcate,  thick ;  inferior  valve  convex  ;  superior  valve  flattened,  with  rather 
distant  subimbricated  laminw ;  apex  truncated. 
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There  are  only  two  specimens  of  this  species ;  the  outer  surface  of  the  lower  valve  is  abraded, 
and  the  characters  obliterated ;  the  upper  valve  in  one  is  much  thickened  on  the  margins,  which 
are  crenulated  within  on  the  upper  part. 

Locality. — Jacun,  three  miles  below  Laredo. 

OSTREA  CORTEX. 

Plate  XI,  Fiourh  4,  a,  d. 

Elongated,  pointed  towards  the  apex  ;  inferior  valve  ventricose,  very  thick,  with  very  promi- 
nent, concentric,  imbricated  laminae ;  Cardinal  fosset  long  and  profound,  somewhat  curved,  with 
a  roundod  ridge  on  each  side.  * 

A  remarkable  species,  with  a  rough  bark-like  exterior ;  the  upper  valve  is  somewhat  ventricose 
and  marked  like  the  opposite  exteriorly. 

Locality. — Dry  creek,  Mexico. 

OSTREA  MULTILIRATA. 

Plate  XII,  Figure  1,  a,  d. 

Sub-triangular,  thick  and  ponderous,  somewhat  curved ;  both  valves  flattened,  irregularly 
undulated  concentrically,  and  having  numerous  radiating,  interrupted  folds ;  umbo  flat,  very 
thick  ;  cardinal  fosset  long  and  somewhat  curved,  deep,  cavity  very  shallow. 

This  is  a  remarkable  species,  very  variable  in  form.  I  know  of  no  cretaceous  species  like  this 
or  the  preceding,  and  as  no  other  fossil  was  obtained  with  these,  their  geological  age  is  uncertan ; 
possibly  they  may  belong  to  strata  of  earlier  date  than  the  cretaceous  rocks  of  Texas. 

Locality. — Dry  creek,  Mexico. 


UNIVALVES. 

NATIOA,  Lam. 

NATICA  TEXANA. 

Plate  XIII,  Figure  1,  o,  b. 

Suboval ;  volutions,  5  ;  rounded ;  spire  prominent. 
Locality.— Between  Rio  San  Pedro  and  Bio  Puercos. 

NATICA  COLLINA. 

Plate  XIII,  Figure  2,  a,  6. 

This  specimen  may  be  the  young  of  the  former  species.  The  cast  is  distorted  and  imperfect. 
Locality.— Same  as  preceding. 

ROSTELLARI A  ?  Lam. 

ROSTELLARIA?  COLLIN  A. 

Plate  XIII,  Figure  3,  o,  I. 
One  or  two  imperfect  casts  of  this  fossil  occur  with  the  preceding  Natioa. 
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ROSTELLARIA?  COLLINA. 

Plate  XIII,  Fiocbk  4,  a,  b. 

Elliptical ;  volutions,  6;  those  of  the  spire  rounded  ;  body  volution,  with  a  rather  wide,  slight, 
revolving  depression  near  the  suture.— (A  cast.) 

BUCCLNOPBIS. 

BUCCINOPSIS  PARRYI. 

«  Platb  XIII,  Figure  4,  a,  b. 

8ub-pyriform ;  longitudinally  undulated  and  ornamented  with  rugose  revolving  lines ;  volutions 
flattened  above ;  spire  scalar iforra  ;  aperture  large  and  patulous. 

Under  this  name  I  have  described  a  cast  which  cannot  be  referred  with  accuracy  to  any  known 
genus.    The  beak  is  broken  and  was  probably  produced. 

Locality. — Same  as  preceding. 

TURRITELLA,  Lam. 

TURR1TELLA  PLANI LATER1S- 

Platb  XIV,  Fiocrb  1,  a,  6. 

Subulate ;  volutions  with  two  large  beaded  revolving  lines,  and  two  smaller  ones  beneath, 
with  an  intermediate  fine  crenulatod  line ;  sides  straight ;  the  upper  large  revolving  lino  gives 
the  shell  a  carinated  character. 

Very  distinct  from  T.  aerialvm-granvHatum,  Eoemer.  The  shell  and  sculpture  are  in  perfect 
preservation.  It  is  accompanied  by  Lima  Leonensi*,  a  small  Naiica,  and  a  small  JstarUs,  which 
has  about  five  broad  concentric  prominent  ribs,  and  triangular  in  form.  It  may  be  named  Astarte 
cra&silira. 

ROSTELLITES,  Conrad. 

ROSTELLITES  TEXANA. 

Plate  XIV,  Fioubb  2,  a,  b. 
Rostellitea  Texana,  Con.  Proc.  Acad.  Nat.  Sci.  Vol.  VII,  p.  268. 

Narrow,  elongated,  with  a  subulate  spire  ;  plaits  of  columella  oblique,  straight,  narrow,  acute, 
largest  above,  and  becoming  obsolete  towards  the  base ;  volutions  of  the  spire  flattened  on  the 
sides. 

The  above  genus  is  probably  related  to  Pterocera.    The  specimens  are  very  imperfect,  only 
one  of  them  retaining  any  portion  of  the  shell,  and  this  is  the  columella  with  the  plaits. 
Locality.— Eagle  Pass. 

NERINEA,  Defranc. 

NER1NEA  8CHOTT11. 

Plate  XIV,  Fiodrb  3,  o,  b. 

Elongated ;  volutions  concave  or  sub-angulated  below  the  middle  ;  destitute  of  lines  except 
ono  slightly  impressed  line  near  and  below  the  suture  ;  body  volution  angulated  in  the  middle. 
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A  large  and  beautiful  species,  with  tbe  shell  converted  into  carbonate  of  lime.  Named  in 
honor  of  its  discoverer,  Arthur  Schott,  esq. 

NODOSARIA,  Lam. 

NODOSA  Rl  A  TEX  ANA. 

Plate  XIV,  Figure  4,  o,  6,  c. 

Straight  or  slightly  curved,  subulate,  nodes  transversely  oblong  or  depressed,  ventricose, 
numerous. 

Very  abundant  in  the  form  of  casts.    The  outline  of  the  shell  appears  to  have  been  nearly  or 
quite  straight  below,  and  somewhat  curved  towards  the  apex. 
Locality— Between  El  Paso  and  Frontera. 

AMMONITES,  Lam. 


Plate  XV,  Fio.  1,  a,  6,  c. 

Discoid,  much  compressed,  lentiform  ;  back  acute ;  volutions  with  obscure,  distant,  transverse 
ribs  or  undulations,  and  two  series  of  nodules— one  central  and  distinct,  the  other  obsolete — 
elongated  transversely  and  near  the  margin  or  back;  transverse  section  of  the  whorls  lanceolate; 
umbilicus  very  small ;  series  of  sutures  of  the  septa  crowded,  gradually  separating  as  they 
approach  the  inmost  whorl ;  septal  lobes  short,  suddenly  expanded,  crenulate,  rounded ;  saddle 
bilobed,  the  lobes  obtusely  rounded,  the  third  lobe  from  the  dorsal  the  largest  of  the  series. 

This  species  approximates  A.  pedernalis,  Roemer,  who  supposes  it  to  be  identical  with  the 
foreign  species  of  that  name  described  by  Von  Buch.  It  differs  from  Roemer 's  shell  in  having 
tubercles,  in  being  less  compressed,  or  forming  a  less  acute  angle  with  the  back  ;  in  having  a 
smaller  umbilicus,  and  transverse  undulations,  and  also  in  more  crowded  and  very  differently 
shaped  septa.    It  attains  a  much  larger  size  tnan  the  specimen  figured. 

Locality.— Jacun,  3  miles  below  Laredo. 

AMMONirra  OEKIOULATUS. 

Platb  XV,  Fio.  2,  a,  6. 

Discoid,  sides  flattened  and  gradually  sloping  towards  the  bock,  which  is  abrupt,  slightly 
rounded,  and  with  a  thick,  prominent  carina  on  the  middle ;  ribs  numerous,  slightly  curved 
until  they  approach  the  bock,  when  they  suddenly  bend  and  become  very  oblique  and  more 
prominent,  obsolete  on  the  back  ;  inner  sides  of  the  volutions  abrupt. 

Allied  to  A.  fiaccidicosta,  Roemer,  but  may  be  distinguished  by^the  dorsal  carina  and  broader 
arms  of  the  septal  lobes,  and  flattened  instead  of  rounded  volutions ;  and  also  by  the  different 
form  and  inclination  of  the  ribs. 

Locality. — Bed  of  Rio  San  Pedro,  and  Loon  Springs. 

AMMONITES  TEXANUS. 

Platb  XVI,  Fio.  1,  a,  d. 
Ammonitie  Texanvs,  Roemer ;  Kreid.  von  Texas,  pi.  VI,  fig.  2,  a,  b. 
Large,  somowhat  discoidal,  involute ;  volutions  snbquadrangular,  gradually  increasing  in 
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height  and  width,  carinated  and  nodo-coetate ;  doroal  carina  continuous,  the  approximate  series 
of  tubercles  not  equal  to  it  in  prominence;  ribs  numerous,  22  on  each  volution,  equidistant, 
ornamented  with  5  tubercles  ;  series  near  the  dorsal  carina  compressed,  elongated,  the  others 
rounded  ;  transverse  Bection  of  tbe  exterior  volution  rectangular,  of  the  interior  volution  quad- 
rate ;  sutures  of  septa  moderately  divided  and  ramose. 
Locality.— Near  Puercos  river. 

AMMONITES  LBONEN8IS. 

Plate  XVI,  Fio.  2,  o,  b. 

Volutions  with  thick,  distant,  rounded  ribs,  with  a  tubercle  on  each  extremity  and  an  inter- 
mediate rudimentary  rib,  having  a  tubercle  on  the  dorsal  angle  ;  back  obliquely  truncated  on 
each  side  of  the  carina. 

This  shell  differs  from  A.  Texanus  in  having  the  back  elevated  in  the  middle,  and  in  being 
without  tubercles  on  the  back,  in  having  only  two  series  of  nodes  on  the  sides,  or  with  a  middle 
series  of  rudimentary  or  obsolete  tubercles  ;  also  the  serratures  of  the  septal  lobes  are  much 
wider  than  in  A.  Texanus. 


TERTIARY  FOSSILS. 

08TREA,  Lin. 

OOTREA  VE3PERT1NA. 

Plate  XVII,  Fw.  1,  ar-d. 

Ostrea  vespertina,  Con.  Jour.  Acad.  Nat.  Sci.,  vol.  II,  (new  series)  p.  300. 

Ovate-subftdcate  ;  lower  valve  plaited  or  ribbed  ;  hinge  long  and  wide,  sharp  and  somewhat 
pointed  ;  ligament  cavity  wide,  profound,  minutely  wrinkled  ;  margins  abrupt ;  cavity  not  very 
deep  ;  muscular  impressions  large,  impressed  ;  upper  valve  flat,  irregular ;  pallial  impression 
crenulated. 

Resembles  0.  sub/alcafa,  Con.  of  the  Virginia  Miocene. 

Localities.— Carriao  creek,  and  near  San  Diego,  California.  (Miocene.) 

OSTREA  VELENIANA. 

Plate  XVII,  Fig.  2,  a,  b. 

Ovate,  flattened,  entire,  with  rugose  lines  of  growth  ;  cardinal  area  very  broad :  ligament  pit 
shallow  ;  muscular  impression  very  Urge  in  proportion  to  the  size  of  the  shell,  transverse  ;  no 
crenulationa  visible  about  the  margin. 

This  ia  probably  a  Miocene  shell. 

Locality.— Rancho  Helena,  below  Salado. 

OSTREA  CONTRACTA. 

Plate  XVIII,  a,  b,  c,  d. 
Ostrea  amtracta,  Proc.  Acad.  Nat.  Sci.,  vol.  VII,  p.  269. 
Subfalcate.  elongate,  thick ;  exterior  of  lower  valve  very  irregular,  and  varying  from  ventricoee 

* 
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to  flat ;  cavity  shallow  and  remarkably  contracted  towards  the  hinge,  which  is  elongated,  having 
a  deep  and  broad  cavity  in  the  lower  valve,  with  a  corresponding  rounded  and  striated  ridge  in 
the  opposite  valve. 

This  large  oyster  measures  nearly  two  feet  from  beak  to  base.    The  contracted  form  of  the 
cavity  is  most  striking  in  the  oldest  individuals.    Probably  a  Miocene  shell.  . 
Locality.— Oyster  Point,  Mexico. 

ANOMIA,  Lin. 

ANOMIA  SUBCOSTATA.' 

Plate  XIX,  Fw.  1  a,  b. 

Anomia  subcostala,  Con.  Proc.  Acad.  Nat.  Sc.,  vol.  VII,  p.  267. 

Obtusely  ovate,  rather  thick ;  umbo  of  larger  valve  ventricose  ;  hinge  thickened,  surface  of 
the  valve  obtusely  undulated  concentrically,  and  marked  with  waved,  wrinkled,  interrupted 
ribs,  much  raised,  except  towards  the  base,  where  they  aro  larger  and  somewhat  tuberculiform  ; 
upper  valve  entire,  or  with  obsolete  radii  towards  the  base. 

This  has  a  general  resemblance  to  A.  Ruffini,  Con.,  of  the  Virginia  Miocene,  but  is  much 
thicker  and  very  distinct. 

CARDITA,  Lam.  Blain. 

CARD1TA  PLAN  ICO  8T  A. 

Plate  XIX,  Fiourb  2,  a,  6. 

Venericardia  planicosta,  Lam.  An.  sans  Vert.,  vol.  V,  p. 

669.    Desh.  Coq.  Foss.,  vol.  I,  p.  149. 
Uardita  planicosta,  Blainville. 

Ovate-oblique,  cordate,  very  thick,  with  flattened  broad  ribs,  22-24,  granulated  towards  the 
apex ;  lunule  very  profound,  wide,  cordate,  margin  crenate  within,  cardinal  teeth  two,  finely 
striated. 

This  species  is  found  in  Virginia  and  Alabama,  as  well  as  in  California.  Deshayes  describes 
the  Paris  specimens  of  C.  planicosta  as  crenulated  on  the  ribs  near  the  summit,  a  character 
scarcely  visible  in  the  specimens  that  I  have  examined. 

Locality. — Arroyo  las  Minas,  between  Eagle  Pass  and  Leon. 

CORBULA,  Lam. 

CORBULA  NASUTA. 

Plate  XIX,  Fiuork  4. 

Corbula  nasuta,  Con.  Foss.  Shells  of  Tcrt.  Form. 
Corbula  Alabamieneis,  Lea,  Cont.  p.  45,  pi  I,  fig.  12. 

Inflated,  triangular-ovate,  very  inequivalve,  ventricose;  finely  striated  concentrically;  buccal 
end  rounded,  longer  than  the  anal,  which  is  contracted  ;  flexuous,  narrow,  and  obliquely  trun- 
cated at  the  end. 

Locality—  Western  Texas. 

21  M 
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VENUS  VESPERTINA. 

Plate  XIX,  Figure  5,  a,  b. 

Subtriangular,  inequilateral,  convex  ;  length  and  height  equal ;  buccal  end  acutely  rounded; 
anal  end  more  obtuse  ;  summit  prominent. 

A  small  Eocene  species,  with  the  external  surface  somewhat  worn.  It  appears  to  have  had 
concentric  lines. 

Locality.—  Western  Texas. 

CYTHEREA,  Lam. 

CYTIIEREA  NUTTALI. 

Plate  IV,  Figure  5. 

Cytherea  Nuttali,  Con.  Foss.  Shells  of  Tert.  Form. 

Subrotund,  inflated,  equilateral,  ornamented  with  fine,  regular,  concentric  lines,  anal  end 
obtusely  rounded. 

An  Eocene  species,  found  both  in  Texas  and  Alabama. 
Locality. — East  of  Frontera,  associated  with  Cassidula  alveata. 

VOLUTALITIIES,  Swainson. 

VOLUTALITIIES  SAYANA. 

Plate  XIX,  Figure  6. 

Valuta  Sayana,  Con.  Foss.  Shells  of  Tert.  Form. 
Vduta  Be/rancii,  Lea,  Cont.,  p.  171,  pi.  VI,  fig.  179. 
Vduta  gracilis,  Lea,  Cont.,  p.  172,  pi.  VI,  fig.  180. 
Valuta  parva,  Lea,  Cont.,  p.  173,  pi.  VI,  fig.  181. 

Turbinate,  with  revolving  impressed  lines ;  coronated  ;  shell  thin;  volutions  7,  subangulatcd ; 
body  volution  either  smooth  or  with  longitudinal  acute  lines  or  folds. 

There  is  only  one  small  specimen  of  this  abundant  Claiborue  species.  It  is  imbedded  in  the 
same  piece  of  rock  which  contains  Corbula  namda  and  Natica  limula. 

Locality. — Western  Texas. 

NATICA,  Lam. 

NATICA  LIMULA. 

Plate  XIX,  Figure  7. 

Natica  limula,  Con.  Foss.  Shells  of  Tert.  Form. 

Nalica  mamma,  Lea,  Cont.  to  Geol.,  p.  109,  pi.  IV,  fig.  95. 

Subglobose,  flattened  at  base;  spire  rounded,  pointed  at  the  apex;  columella  much  thickened 
above  ;  umbilicus  large  ;  shell  thiu  ;  mouth  ovate. 
Locality.— Same  as  preceding. 
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TURRITELLA,  Lam. 
TURRITELLA   . 

Plate  XIX,  Figure  8. 

This  figure  represents  a  specimen  of  tertiary  rock  from  San  Diego,  California.  Besides  the 
TurrileUa,  which  is  not  determined,  there  aro  a  few  small  unknown  bivalves. 

CASSIDULA,  Humphreys.    8ub-genus  LAOINIA,  Con. 

CASSIDULA  ALVEATA. 

Platb  XIX,  Figure  9. 

MeUmgena  alveola,  Con.,  Amer.  Jour.  Sci.,  vol.  XXIII,  p.  344. 
Camdida  alveata,  Con.,  Proc.  Acad.  Nat.  Sci.,  vol.  VII,  p.  448. 
Pyrula  Smithii,  Lea,  Cont.  to  Geol.,  p.  153,  pi.  V,  fig.  162. 

Sub-globose,  with  revolving  robust  lines,  and  a  wide,  concave,  revolving  furrow  below  the 
angle  of  the  large  volution ;  spire  very  short ;  suture  deeply  impressed,  sub-canaliculate. 
Locality.— Western  Texas. 
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CRETACEOUS  FOSSILS. 

CARDITA  SUBTETRICA. 
PLATB  XXI,  FlOURE  6. 

Sub-orbicular,  slightly  ventricose  ;  ribs  22?  not  very  prominent,  rounded,  squamose,  ribs  and 
interstices  about  equal  in  width. 
This  may  be  an  eocene  species ;  I  do  not  know  any  of  its  associated  fossils. 
Locality.— Bio  Bravo  del  Norte. 

FHOLADOMYA  8ANCT1-SAB*. 

Plate  XXI,  Figure  4: 

Cardium  Sancti-Sabce,  Boemer,  Kreide.  von  Texas,  p.  48,  pi.  VI,  fig.  7. 

Inequilateral,  longitudinally  ovate,  gibbous,  posteriorly  compressed,  produced,  sub-caudate, 
smooth;  the  rest  of  the  shell  radiate-costate ;  ribs  10,  equal,  granulated,  becoming  obsolete 
posteriorly  ;  umbo  large,  prominent,  anterior  to  the  middle. 

Localities. — Leon  Springs ;  New  Braunfels,  Texas. 

CAPSA,  Lam. 
CAPSA  TEX  AN  A. 

Plate  XXI,  Fiocrb  6. 

Oblong-oval,  disk  flattened  or  depressed  in  the  middle ;  radii  distinct,  close,  rugose  poste- 
riorly, gradually  becoming  obsolete  in  the  middle  of  the  valve  ;  buccal  end  regularly  rounded ; 
anal  end  truncated,  direct. 

Locality—  Leon  Springs. 

terebratula  leonensis. 
Plate  XXI,  Figure  2. 

Inequivalved,  oval  or  sub-petagonal ;  rostral  end  ventricose,  rounded  in  the  middle,  and  the 
sides  obliquely  convex-depressed ;  umbo  small ;  foramen  small,  almost  touching  the  umbo ; 
imperforate  valve  less  convex ;  valve  widest  above  the  middle,  rapidly  tapering  to  the  front, 
which  is  slightly  depressed ;  front  margin  narrow  and  truncated ;  surface  elegantly  and  minutely 
punctate. 

Narrower  in  front  than  T.  Wacoensis,  Boemer.  I  cannot  compare  it  with  Shumard's  figure 
of  T.  Choctatoenais,  as  that  figure,  in  the  Palieontology  of  Bed  river,  like  all  the  representations 
of  fossils  in  that  work,  (except  Orypkca  Pitcheri,)  is  worthless  for  the  purpose  of  identification. 
The  punctuated  surface  is  so  common  in  the  genus  that  it  has  no  value  in  specific  distinctions. 

Locality.— Leon  Springs. 
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TURR1TELLA  LEONEN818. 

Platb  XXI,  Fioubb  7,  a,  b. 

Yolutioos  sub-angular,  each  with  three  distant,  large,  crenulated,  revolving  ribs,  and  an 
intermediate  crenulated  line ;  spire  rapidly  tapering  to  the  apex  ;  body  volution  large,  rounded 
at  base,  which  has  four  or  five  fine  revolving  ribs. 

A  limestone  cast ;  traces  of  shell  show  oblique  longitudinal  folds  or  ribs. 

HAMirEB  LARVATUS. 

Platb  XXI,  Figure  8. 

Eamitea  larvatiu,  Con.  Proc.  Acad.  Nat.  Sci.,  vol.  VII,  p.  266. 

Ovate-oval,  obliquely  ribbed;  beak  and  front  obtusely  rounded  or  sub-truncated;  ribs  oblique, 
distant,  very  prominent,  acute,  unequal,  frequently  alternated,  obsolete  on  the  back,  and  having 
a  tubercle  on  the  front  margin  or  angle ;  ribs  on  the  front  thickened  and  obtuse ;  sides  of  the 
Bhell  flattened,  and  the  rib  margin  nearly  rectilinear  ;  smaller  ribs  generally  without  a  distinct 
tubercle. 

I  have  amended  the  former  description  of  this  species  from  the  specimen  here  figured.  In  the 
Arknusas  specimen  the  ribs  are  alternated,  the  smaller  one  being  without  a  tubercle ;  but  the 
former  has  three  equal  ribs  with  the  tubercle  on  each,  and  above  them  is  the  smaller  rib  without 
it.    Traces  of  the  shell  show  annular  striae. 

Localities. — Leon  Springs,  Texas ;  White  river,  Arkansas. 
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PLATE  I. 

Fig.  I.— PTEIKA  TABRTI. 

Fig.  1  o.  Upper  side. 
1  b.  Lower  side. 
1  c.  Posterior  side. 

1  d.  Enlargement  of  the  surface  showing  the  larger  and  smaller  granulations,  ambu- 

lacral  pores,  etc. 

Fio.  2. — TOXAbTER  TEXAN  US. 

Fig.  2  a.  View  of  the  base. 

2  b.  View  of  the  summit. 

2  c.  Posterior  view. 

Km.  3  -CYPHOSOMA  TEXANUM. 

Fig.  3  a.  Profile  view. 

3  b.  View  of  base. 

3  c.  Enlargement  of  ambulacral  and  interambulacral  spaces,  (figures  from  Roemer.) 

Fio.  4.—  HOLECTTPCS  FLANATUS. 

Fig.  4  a.  Profile  view. 
i  b.  Summit. 

4  c.  Base. 

4  d.  Enlargement  of  the  summit  of  the  test. 

4  e.  Enlargement  of  the  ambulacral  and  interambulacral  spaces. 

4 /,  g.  Base  of  attachment  of  spine  enlarged. 

PLATE  IJ. 

Fio.  1. — CATKIN  A  OCCIDENTALS. 

Fig.  1  o,  b.  Upper  and  lower  sides. 

1  c.  Transverse  section. 

Fia.  2.— CAPKINA  l'LANATA. 

Fig.  2  «.  A  fragment  one  third  the  linear  dimensions. 

2  b.  Enlargement  showing  structure. 

Km.  3.—  TURBINOL1A  TEXANA 

Fig.  3  a.  Specimen  natural  size. 

3  b.  Enlargement  of  the  lamellae. 
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PLATE  III. 
Fio.  1 . — TEREBllATULA  WA00EN8I8. 

Fig.  1  a.  Dorsal  view. 
1  b.  Ventral  view. 
1  c.  Profile  view. 

1  d.  Enlargement  of  surface. 

Fio.  2.-TBIOONIA  KMORYI. 

Fig.  2  o.  Posterior  view. 

2  6.  Anterior  view. 

2  c.  Right  valve. 

Fio.  3.-TIUGOSIA  TEXANA. 

Fig.  3  o.  Lateral  view. 

3  b.  Posterior  view. 
3  c.  Anterior  view. 

PLATE  IV. 

Fio.  l.-MACTIU  TEXANA. 

Fig.  1  a.  Lateral  view. 

1  b.  Cardinal  view. 

Fio.  J.— CUCrLLEA  TEJ1MINALIS. 

Fig.  2  a.  Lateral  view. 

2  b.  Anterior  cardinal  view. 

Fro.  3.— AECOFAGIA  TEXANA 

Fig.  3  a.  Lateral  view. 

3  b.  Cardinal  view. 

Fio.  4.— CYTHF.KKA  NLTTALLI. 

Fig.  4  a.  Lateral  view. 

4  b.  Cardinal  view. 

PLATE  V. 

Fio.  1. — NETTHEA  OCCIDENT  AXIS. 

Fig.  1  o.  Lower  valve. 
1  b.  Profile  view. 

1  c.  Enlargement  of  the  surface. 

Fio.  2. — NETTHEA  TEXANA. 

Fig.  2  a.  Lower  valve. 

2  b.  Enlargement  of  surface. 

Fio.  3.— LIMA  LEOSENSlfl. 

Fig.  3  o.  Right  valve. 

3  b.  Postero-curdinal  view. 

3  c.  Enlargement  of  surface. 
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Fio.  4— LIMA  WACOENRIS. 

Fig.  4  a,  b.  Lateral  and  cardinal  views. 

Fio.  5  — ENOCERAMU8  CONFEKTTM  ANNUL  A  TUB. 
Fio.  6.— INOCERAMUB  MYTCLOPSIS. 

Fig.  6  a.  Figure,  (after  Roemer.) 

6  b.  Fragment  of  New  Mexican  specimen. 

Fio.  T.—  INOCERAMUB  TEXANU8. 
F».  8.— INOCERAMUB  CRI8PII. 
Fio.  9. — AST  ARTE  TEXANA. 

PLATE  VI. 

Fio.  1. — CYTHEREA  LBONENSIS. 
Fio.  2. — CYTHEREA  TEXANA. 


Fig.  3  a.  Left  valve. 
3  6.  Cardinal  view. 


Fia.  4. — CARLUUM  MITLTISTKIATCM. 


Fig.  4  o.  Right  valve. 

4  b.  A  larger  individual. 
4  c.  Profile  view. 


Fig.  5  a.  Right  valve. 
5  6.  Posterior  view. 
5  c.  A  larger  individual. 
5  d.  Profile  < 


Fio.  6.— CARDIFM  CONOE8TUM. 


F:n.  fi. — CA RPITM  TEXAXUM. 


Fig.  6  o.  Right  valve. 
6  b.  Posterior  view. 
6  c.  Anterior  view. 


Fio.  T.-CAEDIUM  FILOSUM. 


Fig.  1  o.  Left  valve. 

7  b.  Enlargement  of  surface. 

Fio.  8.-CARDITA  EM  INULA. 

Fig.  8.  Lateral  and  profile  views. 

Fro.  9. — CORBCLA  OCCIDENTALIS. 
Fio.  10. — PLICATE  LA  IKCONOBDA. 

Fig.  10  o.  Lower  valve. 

10  6.  Upper  valve  and  interior  of  lower  valve. 
22  H 
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PLATE  VII. 
Fin.  1  — KXOOYRA  ABIETEKUM. 

Fig.  1  a.  Upper  valve,  exterior  view. 
1  b.  Upper  valvo,  interior. 
1  c.  Lower  valve. 

1  d,  t.  Two  views,  same  specimen. 

Flo.  2. — EXOGYRA  FOLIACEA. 

Fig.  2  a.  Upper  valve,  exterior  surface. 

2  6.  Upper  valve,  interior  surface. 

Kio.  X  — OKTPI1JCA  prrCHERI. 

Fig.  3  a.  Lower -valve,  exterior  surface. 

3  6.  View  of  upper  side  of  shell,  with  valves  attached. 
3  c.  Profile  of  large  valve. 

3  d.  Large  valve,  variety  navia. 
3  /.  Upper  valve,  exterior  view. 
3  g.  Upper  valve,  interior  view. 


Fig.  4  a.  Lower  valve. 
4  b.  Profile  of  sain 


Fio.  4. — GRYPILEA  LJ5YIU8CULA. 

PLATE  VIII. 

Fio.  l.-EXOOYRA  MATHERONIANA 

Fig.  1  o.  Lower  valve. 

1  b.  Anterior  view. 

Km.  2. — KXOOYRA  FRAGOSA. 

Fig.  2  a.  Lower  valve,  exterior  view. 

2  b.  Lower  valve,  interior  view. 

Fio.  3—  EXOOYRA  TEX  ANA—  variety 

PLATE  IX. 

Eio.  1. — EXOOYRA  COKTATA— v»rlcty 

Fig.  1 .  Exterior  view  of  specimen  fig.  3  of  the  preceding  plate. 

Kw.  2.— EXOGYRA  CX1STATA 

Fig.  2  a.  Exterior  view  of  lower  valve. 
2  b.  Interior  of  lower  valve. 

PLATE  X. 

Fio.  1. — EXOGYRA  COSTATA. 

Fig.  1.  Exterior  view  of  the  lower  valve,  showing  the  ohsolescent  oharacter  of  the  costre. 
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Fro.  2. — ORY  ILEA  PITCHERI. 

Fig.  2  a.  Exterior  of  upper  valve. 

2  b.  Interior  of  the  same. 

Fio.  3.-OSTREA  8UBSPATULATA. 

Fig.  3  a.  Exterior  view  of  the  upper  valve. 

3  b.  Interior  of  the  same. 

Fw.  4.—  OSTREA  BELLA. 

Fig.  4  a.  View  of  the  upper  side  of  the  two  valves  attached. 

4  b.  Lower  valve,  exterior  view. 

Fio.  5.— OSTREA  LUOUBRH. 

Fig.  5  o,  b.  Exterior  aud  interior  of  lower  valve. 

Km.  6.— OSTREA  CAR1XATA. 

PLATE  XI. 

Fio.  1. — EXOOYRA  MATIIERONTANA. 

Fig.  1  a,  b.  Exterior  and  interior  views  of  lower  valve. 

Fw.  2.— OSTREA  VELLICATA. 

Fig.  2  a,  b.  Exterior  and  interior  views  of  lower  valve. 

Fio.  3.— OSTREA  ROBUSTA. 

Fig.  3  a.  Upper  side,  with  the  shell  exfoliated. 

3  b.  Lower  side,  retaining" the  shell,  in  part. 

Fio.  4. — OSTREA  CORTEX. 

Fig.  4  a,  b.  Exterior  and  interior  of  a  lower  valve. 

4  c,  d.  Exterior  and  interior  of  an  upper  valve. 

PLATE  XII. 

Fio.  1.— OSTREA  MULTILIRATA . 

Fig.  1(1,6.  Exterior  and  interior  of  upper  valve. 

1  c,'  d.  Exterior  and  interior  of  lower  valve,  showing  a  different  form. 

PLATE  Xm. 

Fw.  l.-NATICA  TEXAN  A. 

Fig.  1  o,  b.  Two  views  of  same  specimon. 

Fio.  3.-NATICA  COLLINA. 

Fig.  2  o,  b.  Two  views  of  tho  same  specimen. 

Fio.  S.-ROSTELLARIAf  COLLINA 

Fig.  3  a,  b.  Two  views  of  the  same  specimen. 
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Fio. 

Fig.  4  a,  b.  Two  views  of  the  same  specimen. 

Fio.  6.—  BUOCKOPSIS  PARBTI. 

Fig.  5  a,  b.  Two  views  of  the  same  specimen. 

PLATE  XIV. 

^Fio.  1 — TUREITELLA  PLANILATERIS. 

Fig.  1  o.  A  fragment  of  the  shell,  natural  size. 
1  6.  A  part  of  the  surface,  enlarged. 

Fio.  l.-ROSTELLITES  TEXAN  A. 

Fig.  2  a,  b.  Two  views  of  same  specimen. 

Fio.  3.—  NERINEA  8CHOTTIL 

Fig.  3  a,  b.  Two  views  of  same  specimen. 

Fw.  4-NODOSABIA  TEXANA 

Fig.  4  a.  Exterior  view  of  specimen,  enlarged. 
4  b.  Longitudinal  section. 
4  c.  A  transverse  section. 

PLATE  XV. 

Fio.  L— AMMONITES  PEDEBNALB,  (Var.) 

Fig.  1  o.  Lateral  view. 
1  b.  Front  view. 

1  c.  Plan  of  septa,  enlarged. 

Fio.  2.— AMMONITES  GENICULATES. 

Fig.  2  o.  Lateral  view. 

2  b.  Front  view. 

PLATE  XVI. 

Fio.  1. — AMMONITES 

Fig.  1  a.  Lateral  view. 
1  6.  View  of  aperture. 
1  c.  Plan  of  septa,  enlarged. 

1  d.  Young  variety,  (after  Banner.) 

Fio.  2— AMMONITES 

Fig.  2  o.  Lateral  view. 

2  b.  Aperture,  &c. 

PLATE  XVLT. 

Fw.  1  - 

Fig.  1  a,  b.  Exterior  and  interior  of  upper  valve. 
1  c,  d.  Exterior  and  interior  of  lower  valve. 
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Pro.  2.-O8TRE0  VELENIANA. 

Fig.  2  o,  b.  Exterior  and  interior  of  upper  valve. 

PLATE  XVin. 

Pio.  1. — OSTREA  CONTRACT  A. 

Exterior  view  of  a  narrow  valve. 
Exterior  view  of  a  shell  of  the  usual  form. 

Interior  and  lateral  view  of  larger  valve.    (Figures  one-third,  in  linear  measure- 
ment, of  the  originals.) 
Enlargement  of  surface  of  the  ligamental  pit. 

PLATE  XIX. 

Pio.  1.-AN0MIA  8UBCOBTATA. 

Fig.  1  a,  b.  Exterior  and  interior  of  lower  valve. 

Pio.  J  — CABDITA  PLANIOOSTA 

Fig.  2  a.  Left  valve,  natural  size. 

2  b.  Enlargement  of  surface,  showing  concentric  striaa. 

Pm.  8.  — PHOLADOMY  A  TEXAN  A. 
Pio.  4.-O0BBULA  NASDTA 
Fio.  5. — VENDS  VESPERl'INA. 

Fig.  5  a.  Right  valve,  natural  size. 
5  b.  Enlargement  of  surface. 

PlO.  6. — VOLUTALTTHES  SAY  AN  A 
Fio.  7. — NATICA  EMTNULA. 

Pro.  8.— TURIUTELLA  r 

Fro.  9.— CAS62DULA  (LACTNIA)  ALVEATA. 

Fig.  9  a.  View  of  the  aperture. 
9  6.  Back  of  the  shell. 

PLATE  XX. 

Fio.  1 . — COLUMN  ARIA  THOMI. 

Fig.  1  a.  A  fragment  of  stone  with  the  coral,  (ends  of  columns,)  natural  size. 
1  b.  Lateral  view  of  same. 
1  c.  Longitudinal  section  enlarged. 
1  d.  Transverse  section  enlarged. 

Pio.  t.— TEREBRATULA  MEXICAN  A. 

Fig.  2  a,  b,  c.  Dorsal,  ventral  and  profile  views. 


Fig.  1  o. 
1  6. 
1  c. 

Id. 
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Fro.  3.— ORTHIS  ARACHNOIDES  f 

Fig.  3  n.  Shell,  natural  size. 
3  6.  Enlargement  of  stria?. 

Fio.  «.—  EUOMPHALU8  MCHLEEANU8. 

Fio.  6. — ASAPH  US  EMOETL 

PLATE  XXI. 

Fro.  l.—HOLASTER  ELEOAN8. 

Fig.  1  a.  View  of  summit  of  specimen. 
1  b.  Base  of  same. 
1  c.  Posterior,  profile  view. 
1  d.  Lateral  view,  profile  in  outline. 

1  e.  Enlargement  of  surface. 

Fio.  2.— TEBEBRATOLA  LEONEN8IS. 

Fig.  2  a,  b.  Dorsal  and  profile  views. 

2  c.  Enlargement,  showing  punctate  character  of  shell. 

Fro.  3. — OBYPILEA  PITCHERI. 

Fig.  3  a.  View  of  upper  side  of  specimen  with  the  two  valves  attached. 

3  6.  Exterior  of  the  lower  valve  of  same. 

3  c.  Interior  of  lower  valve  of  a  smaller  individual. 

Fro.  4. — PHOLODOM Y A,  8ANCTA-8ABLE. 
Fro.  6. — CARD  IT  A  SUBTETRICA. 
Fio.  6.— CAPSA  TKXANA. 
Fio.  7.-TT3RITELLA  LEONENSK. 

Fig.  7  a,  b.  Two  views  of  the  same  individual. 

Fro.  8. — HAMTTES  LABVATUS. 
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